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	ERRATA 	 71 
Finnish Marine Research 262, p. 71-72: Fig. 16 in the article: Temperature and salinity 
statistics for the Northern Baltic Sea 1961-1990 by J. Haapala and P. Alenius, has been 
printed incorrectly. The connect version of the Fig. 16 is as follows: 
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Fig. 16. Sea surface temperature characteristics at (A) Krunnit, (B) Valassaaret, (C) Uto, (D) Seili, (E) Tvärminne, 
(F) Harmaja and (G) Santio. The crosses indicate 1961-1990 mean values, the solid line a three component Fourier 
curve, and the white area around it represents values between mean and ± stamdard deviation. The outermost 
shaded area indicates measured maximum and minimum values of the whole time series. 
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Fig. 16. continues. 
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Statistical material is presented for the 30-year period 1961-1990 
analysing the extent of ice-cover outside the Finnish winter harbours. In 
addition statistics are given for the restrictions to navigation in the 1980's. 
Tiivistelmä 
Suomen merial ueilla 30-vuotisjaksolta 1961-90 esitetään tilastosuureita 
jääpeitteen laajuudesta Suomen talvisatamien edustoilla. Lisäksi esitetään 
1980-luvulta tilastoja meriliikennerajoituksista. 
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INTRODUCTION 
Statistical information is given on the extent of ice-cover outside the 
various winter harbours for the normal 30-year period in 1961-1990 (winters 
1960/61-1989/90). A winter harbour is a harbour where the Finnish state's 
icebreakers operate inside and outside the harbour to assist the vessels. 
Statistics for sea-ice, that cover the same statistical time period 1961-1990, 
have been published earlier (Seinä & Peltola 1991). The minimum, mean, 
median, maximum and standard deviation of the distance in nautical miles to 
the edge of open water are given. Distances that vessels travelled to reach the 
ice's edge and ice of a thickness >10 cm from the harbour, or vice versa, are 
shown. For each Barbour the figures are given about seven times a month 
from late October to early June (Table 1). The figures are also presented in 
4 
graphical forms (Figures 2-18). Much of the data about the extent of ice-cover 
has been published earlier by the Finnish Institute of Marine Research and 
figures have been calculated only for some winters (Finnish Institute of 
Marine Research 1961-1982; Kalliosaari & Seinä, 1987; Seina & Kalliosaari, 
1991). 
The restrictions to navigation to the various winter harbours are presented 
for the 1980's (winters 1980/81-1989/90) in order to have comparable 
statistics. Earlier, icebreaker capacity was less and the ability of merchant 
ships to navigate in ice-covered areas was worse. Also, the politics of ice-
breaking assistance changed at the beginning of 1980's with preference for 
larger and better ice-navigating vessels. In table 2. the maximum annual 
extent of ice-cover is classified for 1961-1990. The 1980's were somewhat 
more severe than the 30-year average 1961-1990. However, comparing the 
decade statistics 1721-1990, the 1980s were very near average (Seinä & 
Palosuo 1993). The given statistical figures include minimum, mean, median, 
maximum and standard deviation to the first and last date of the restrictions to 
navigation. The numbers of years with restrictions are also given (Tables 3 
and 4). 
JOHDANTO 
Normaalilla meteorologiselta 30-vuotisjaksolta 1961-1990 (talvet 
1960/61-1989/90) esitetään jääpeitteen laajuus eri talvisatamien edustoilla. 
Talvisatamilla tarkoitetaan satamia, joihin valtion jäänmurtajat avustavat 
aluksia (kuva 1). Tarkasteluajanjaksolta on aikaisemmin julkaistu merijäätä 
koskevia tilastollisia suureita (Seinä & Peltola, 1991). Tarkasteltaviksi 
suureiksi on valittu pienin, keskimääräinen ja suurin aluksen kulkema matka 
avoveden reunaan sekä mediaani ja keskihajonta. Matkat on annettu 
meripeninkulmina satamasta avoveden reunaan ja lisäksi on annettu >10cm 
paksuisessa jäässä kuljettavan matkan pituus. Suureet on annattu satamaa 
kohden noin seitsemän kertaa kuukaudessa lokakuun lopulta kesäkuun alkuun 
(taulukko 1). Lisäksi matka avoveden reunaan on esitetty graafisesti (kuvat 2-
18). Matkojen pituudet on suurimmaksi osaksi julkaistu Merentutkiinuslai-
toksen julkaisuissa ja vain muutamalta talvella on jouduttu matkat laskemaan 
jälkikäteen (Merentutkimuslaitos 1961-1982; Kalliosaari & Seinä, 1987; 
Seinä & Kalliosaari, 1991). 
Liikennerajoitukset eri talvisatamiin on annettu 1980-luvulta (talvet 
1980/81-1989/90), koska tällöin ne on saatu keskenään vertailukelpoisiksi. 
Aikaisemmin sekä jäänmurtajakapasiteetti että kauppa-alusten jäissäkul-
kukyky olivat heikommat. Lisäksi avustuspolitiikka muuttui 1980-luvun 
alussa suosien enemmän suurikokoisia ja paremmin jäissäkulkevia aluksia. 
Taulukossa 2 on esitetty Itämeren jäätalvien luokittelu 1961-1990 jääpeitteen 
suurimman vuotuisen laajuuden perusteella. 1980-luku oli hieman 30-
vuotiskeskiarvoa 1961-1990 ankarampi, mutta sijoittuu talvien 1721-1990 
vuosikymmenvertailussa lähelle keskimääräistä (Seinä & Palosuo, 1993). 
Meriliikennerajoitusten suureiksi on valittu alkamis- ja päilttymisajankohdan 
aikaisin, keskimääräinen ja myöhäisin ajankohta. Lisäksi on laskettu 
mediaani, keskihajonta ja rajoitusvuosien lukumäärä (taulukko 3 ja 4). 
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Figure 1. The winter traffic harbours of Finland. 
Kuva 1. Suomen talviliikennesatamat. 
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TABLE 1. EXTENT OF ICE-COVER OUTSIDE THE VARIOUS HARBOURS 1960/61-1989/90. 	Min= minimum. M= mean, Me= tredian, Max==xim~ SD=standard deviation. 
Distance in nautical miles to the edge of on water (A) and the distance of thick ice (>10 eon) (B). 
TAULUKKO 1. JÄÄPEITTEEN LAAJUUS ERI SATAMIEN EDUSTOILLA 1960/61-1989/90. 	Min= pienin, M= keskiarvo. Me= mediaarv, Max= suurin, SD= keskihajonta. 
Eoisyys meripeninku1 ssa avoveden reunaan (A) seka (>10 ®) paksussa jaassa kuljettavan matkan pituus (B). 
Month/kk XII I Il 


























KEMI Min 1 0 1 0 2 0 10 0 4 3 22 14 20 18 19 18 25 18 53 11 27 21 52 30 47 47 
M 57 49 74 59 116 85 136 105 154 126 173 141 218 188 235 200 253 223 262 239 285 256 310 278 316 291 
Me 33 25 41 36 120 45 165 57 174 116 180 145 199 174 205 188 203 181 214 197 259 217 282 227 282 251 
Max 225 205 230 215 260 240 377 377 444 439 470 413 455 453 435 434 465 450 480 470 522 500 616 506 580 550 
SD 64 63 74 63 82 75 90 92 112 105 122 112 130 136 135 120 146 144 144 145 147 149 150 143 147 147 
OULU Min 10 6 10 6 10 6 17 10 17 12 20 14 27 13 27 17 37 20 55 27 15 14 47 17 63 63 
M 62 53 80 63 119 89 136 108 154 131 175 143 221 193 237 201 255 219 265 242 286 258 310 278 318 293 
Me 39 30 48 42 112 58 165 60 169 146 181 146 200 151 206 189 204 183 225 204 268 238 276 228 283 251 
Max 226 206 231 221 261 241 378 378 445 440 471 414 456 423 436 426 466 451 481 471 523 501 617 607 580 550 
SD 64 62 72 63 81 74 86 89 110 103 119 110 125 131 131 116 142 135 144 144 148 149 151 145 146 146 
RAAHE Min 0 0 0 0 1 0 1 0 1 0 1 1 0 0 1 1 1 1 30 14 1 1 2 2 2 2 
M 37 31 49 35 81 57 100 72 1.2 88 131 101 174 149 189 153 205 176 220 197 246 214 268 235 277 250 
Me 10 3 14 4 123 19 120 40 120 89 131 93 149 127 149 132 154 131 176 153 217 194 258 205 279 249 
Max 175 155 180 170 210 190 327 327 394 389 420 370 405 379 392 382 422 407 437 427 479 457 573 563 535 505 
SD 58 56 66 57 71 65 77 80 105 97 114 104 122 124 128 112 142 138 140 140 145 146 149 142 143 143 
KOKKOLA Min 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1 1 1 6 2 5 2 3 2 3 3 
M 25 17 31 22 51 36 61 48 81 64 95 71 133 112 145 112 162 135 173 150 193 167 214 182 224 197 
Me 9 4 12 5 53 14 69 11 71 47 81 59 99 81 105 93 105 85 114 102 158 121 186 127 184 157 
Max 125 105 130 120 160 140 277 277 344 339 370 316 355 325 338 328 368 353 383 373 425 403 519 509 480 450 
SD 35 32 41 35 46 41 62 61 87 80 100 87 111 112 120 102 132 126 132 132 137 137 145 139 140 141 
PIETAR- Min 0 0 0 0 0 0 0 0 2 1 2 1 1 0 3 1 3 1 5 2 3 2 2 2 2 2 
SAARI M 19 14 25 19 42 27 51 40 69 49 82 60 119 99 131 98 148 118 159 138 178 153 197 167 207 181 
Me 5 3 8 5 39 8 48 6 53 19 64 33 82 64 88 71 88 67 99 85 141 103 167 109 167 139 
Max 108 88 113 103 142 123 260 260 327 322 353 299 339 308 321 311 351 336 366 356 408 386 502 492 465 435 
SD 30 26 36 30 39 34 56 56 83 75 96 54 109 109 117 99 129 119 130 128 135 134 144 139 138 139 
VAASA Min 0 0 0 0 0 0 0 0 0 0 11 0 10 6 11 6 11 9 7 7 7 7 6 6 6 6 
M 19 13 25 17 28 21 34 29 50 37 61 47 86 73 102 72 119 96 125 109 145 124 163 134 170 147 
Me 16 11 23 11 25 20 26 18 30 22 30 28 40 26 48 30 49 30 51 35 97 58 120 87 122 93 
Max 66 50 71 60 105 85 217 217 284 279 315 258 290 267 280 270 310 295 325 315 367 345 461 451 425 395 
SD 14 12 17 15 20 18 40 40 70 61 83 70 99 96 103 85 116 108 120 115 124 120 137 130 134 131 
KASKINEN Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 2 1 2 0 
M 6 2 6 3 10 5 15 10 25 16 31 27 51 40 62 42 75 62 Si 69 97 80 114 87 120 101 
Me 3 2 4 3 5 3 5 3 5 3 6 4 13 4 13 5 14 5 18 6 39 20 64 26 76 44 
Max 31 8 20 13 60 35 206 181 211 206 207 202 206 190 203 201 233 218 248 238 290 268 384 374 350 320 
SD 6 2 5 2 13 8 37 33 56 46 60 60 74 70 78 67 90 83 95 89 100 95 113 104 112 105 V 
TABLE 1. EXTENT OF 1-COVER OUTSIDE THE VARIOUS HARBOURS 1960/61-1989/90. 	Min= minimum, M= [tran, Me= median, Max=maximum. SD= standard deviation.  
Distance in nautical miles to the edge of open water (A) and [be distance of thick ice (>10 cm) (B). 
TAULUKKO 1. JÄÄPEI7TEEN LAAJUUS ERI SATAMIEN EDUSTOILLA 1960/61-1989/90. 	Min=pienin. M= keskiarvo, Me=medianni. Max= suurin. SD= keskihajonta. 
Etdis}ys meripeninkulmissa avoveden reunaan (A) seka (>1 0 m) paksussa jäässä kuljettavan matkan pituus (B). 
Montb/kk XII I D 
Day/pva 29 3 S 13 18 23 2S 2 7 12 17 22 27 
A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B 
PORI Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 2 0 2 1 6 3 11 6 18 11 22 19 40 30 47 34 57 46 63 51 74 59 91 66 97 77 
Me 1 0 1 0 2 0 1 1 3 1 2 1 9 1 6 3 9 3 14 3 32 6 50 13 75 29 
Max 10 2 12 3 60 30 159 134 164 139 140 136 169 144 154 154 184 169 199 189 241 219 335 325 300 270 
SD 3 1 4 1 12 7 30 25 41 33 45 45 58 53 63 53 71 63 75 68 81 75 97 87 94 88 
RAUMA Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 4 2 5 2 10 5 13 9 19 13 26 21 37 27 43 33 52 41 56 46 65 49 83 60 85 69 
Me 4 0 4 2 5 4 6 4 6 5 6 6 10 5 11 6 13 6 9 6 33 8 51 13 58 20 
Max 12 6 15 6 103 30 144 119 149 144 145 140 146 123 139 139 161 146 181 166 218 196 312 302 275 245 
Il SD 3 2 4 2 19 7 26 21 36 31 41 39 48 45 53 48 61 52 66 59 71 64 87 77 86 79 
UUSIKAU- Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
PUNKT M 4 2 6 3 12 6 13 9 20 14 23 19 36 24 40 31 45 35 51 40 58 43 75 56 73 60 
Me 3 1 4 2 5 3 9 3 8 4 8 5 18 8 16 11 16 11 25 13 32 13 46 19 52 22 
Max 17 6 25 11 96 35 107 82 112 107 108 106 139 114 128 124 147 127 157 147 199 177 293 283 255 225 
SD 4 2 7 4 18 S 20 15 31 27 33 32 41 35 45 40 49 40 52 44 60 51 76 70 72 67 
MAARIAN- Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HAMINA M 0 0 1 0 1 0 2 1 3 1 6 2 9 4 8 6 10 6 18 11 25 17 34 23 33 25 
Me 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 3 0 5 2 11 4 8 4 
Max 4 0 14 2 15 4 25 4 45 15 55 15 55 30 58 48 75 60 105 95 142 125 228 218 180 150 
SD 1 0 3 0 3 1 6 1 9 3 13 5 15 8 15 12 18 13 28 23 39 31 52 46 48 41 
TURKU Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 6 1 9 4 14 8 16 14 24 17 28 20 32 23 35 30 38 32 45 36 54 43 64 52 68 57 
Me 1 0 1 0 4 1 4 2 21 2 29 4 4-0 9 40 33 40 38 41 39 48 42 60 44 55 51 
Max 33 15 53 48 55 55 79 54 83 78 79 74 85 74 86 76 116 101 131 121 173 151 267 257 230 200 
SD 10 3 14 10 18 15 23 20 25 24 25 25 26 25 26 26 30 27 35 31 45 38 58 53 55 49 
HANKO Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 1 0 1 0 2 0 3 1 4 2 7 5 10 8 11 8 16 12 22 15 35 26 43 30 45 37 
Me 0 0 0 0 1 0 0 0 0 0 1 0 2 1 1 1 6 3 5 4 16 11 21 11 14 14 
Max 12 1 20 2 20 4 28 20 50 30 67 63 64 64 89 79 119 104 134 124 176 154 270 260 235 205 
SD 2 0 4 0 ' 	5 1 7 4 10 6 15 13 18 15 19 17 26 22 34 26 46 40 61 55 61 54 
HELSINKI Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
M 3 1 5 3 9 4 12 7 16 10 22 13 30 23 35 27 41 34 50 39 63 47 81 60 87 66 
Me 1 0 1 0 2 2 2 2 4 3 6 2 13 4 14 6 38 23 30 30 44 33 57 45 72 35 
Max 52 4 64 49 72 44 74 64 109 84 94 64 120 110 159 149 189 174 204 194 246 224 340 330 305 275 
SD 9 1 12 9 16 9 21 14 25 18 29 19 38 32 42 37 46 41 56 47 67 59 80 75 78 74 
TABLE 1. EXTENT OF ICE-COVER OUTSIDE THE VARIOUS HARBOURS 1960/61-1989/90. 	Min= minimum. M= mean, Me= median, Max= ma:im~,m SD= standard deviation. 
Distance in nautical miles to the edge of open water (A) and the distance of thick ice (>10 ®) (B). 
TAULUKKO 1. JAAPEITTEEN LAAJUUS ERI SATAMIEN EDUSTOILLA 1960/61-1989/90. 	Min= pienin, M= keskiarvo, Me= mediaan/. Max= suurin, SD=keskibajonta. 
EOisyys meripeninkulmissa avoveden reunaan (A) seka (>1 0 cm) paksussa jåass2 kuljettavan matkan pituus (B). 
MontL/kk XII I ii 
Day/pva 29 3 8 13 18 23 28 2 7 12 17 22 27 
A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B 
LOVIISA Min 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 0 1 0 1 0 1 1 1 1 1 0 
M 8 3 14 8 22 12 28 20 35 24 44 31 63 49 66 55 79 69 85 73 101 84 126 98 135 108 
Me 3 1 5 3 10 5 10 5 10 7 16 10 40 14 42 25 96 80 86 73 98 90 114 106 128 90 
Max 105 20 117 102 108 97 127 117 162 137 147 114 175 165 215 205 245 230 260 250 302 280 396 386 375 345 
SD 19 5 25 19 31 21 38 31 47 36 50 39 57 54 62 58 65 61 74 66 85 80 93 88 92 90 
KOTKA Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
M 9 3 17 10 26 13 34 25 42 30 53 40 72 58 76 64 87 79 96 83 112 92 137 111 145 119 
Me 2 1 3 1 7 2 22 6 22 11 29 22 47 28 55 38 108 94 99 87 110 103 127 118 140 102 
Max 116 34 128 
I 
113 126 109 140 128 173 148 158 125 190 180 229 219 259 244 274 264 316 294 410 400 375 345 
SD 22 8 29 22 36 24 42 36 49 41 54 45 60 57 65 62 68 66 76 69 87 79 95 93 94 91 
HAMINA Min 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 0 0 5 5 5 5 5 5 5 4 
M 15 7 23 16 33 20 43 33 50 38 63 50 83 68 88 75 99 89 108 94 124 104 149 124 158 132 
Me 8 4 8 7 13 8 25 14 31 20 43 34 62 41 70 53 121 107 112 100 124 116 140 132 151 120 
Max 131 49 143 128 139 123 153 143 188 163 173 140 200 190 242 232 272 257 287 277 329 307 423 413 388 358 
SD 25 12 33 26 41 28 46 40 53 45 58 49 63 60 67 65 71 68 78 71 88 81 96 93 95 92 
TABLE 1. EXTENT OF ICE-COVER OUTSIDETHE VARSOUS HARBOURS 196016]-1989/90. 	Min= minimum. M= mean. Me= urdian. Max= maximum. SD=standard deviation. 
Distance in naudcal miles io the edge of open waiei (A) and the distance of chick ice (>10 cm) (B). N  
TAULUKKO 1. JÄÄPEITTEEN LAAJUUS ERI SATAMIEN EDUSTOILLA 1960/61-1989/90. 	Min= pienin, M= keskiarvo, Me=mediaani. Max=saurin. SD=keskihajonia. 
Eiaisyys meripeninku1 ssa avoveden reunaan (A) sekä (>1 0 cm) paksussa jäässå koi jettavan matkan pinrus (B). 
Mont /B1 ID iv v 
Day/pva 4 9 14 19 24 29 3 8 13 18 23 28 3 
A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B 
KE11 Min 47 47 70 70 66 66 64 64 50 50 60 59 64 59 20 20 20 20 10 10 7 7 7 7 10 10 
M 304 265 293 271 291 271 312 277 304 266 281 259 252 236 240 221 220 201 208 193 I76 155 152 139 148 127 
Me 264 238 268 238 259 218 293 245 300 254 248 215 205 195 204 193 195 173 190 156 167 145 157 140 156 129 
Max 547 507 587 587 597 590 634 619 537 510 562 523 533 466 489 449 459 435 460 455 440 495 400 395 395 390 
SD 150 134 141 137 145 146 149 147 148 131 139 122 130 122 122 115 122 119 123 121 110 104 100 97 96 90 
OULU Min 60 60 72 72 68 68 76 76 51 51 70 65 56 56 37 37 37 25 32 32 14 13 14 6 0 0 
M 305 265 293 271 291 271 312 278 305 266 281 259 253 235 241 223 222 204 209 195 178 156 156 145 151 130 
Me 265 239 269 239 260 219 294 239 301 243 243 211 204 199 202 194 199 186 192 160 169 149 159 151 160 131 
Max 548 508 588 588 598 591 635 620 538 511 563 524 534 467 490 450 460 436 461 456 441 396 401 396 396 391 
SD 149 132 141 137 144 145 148 146 148 131 139 129 130 119 122 114 122 119 122 120 109 92 97 94 95 91 
RAAHE Min 30 30 32 32 24 24 25 25 30 30 35 30 20 20 4 4 0 0 0 0 0 0 0 0 0 0 
m 263 223 251 227 239 223 256 226 250 216 226 206 198 184 186 172 172 156 160 148 130 111 110 101 106 90 
Me 243 208 258 206 209 169 230 184 222 191 190 166 151 139 154 142 140 133 141 109 121 101 109 100 112 81 
Max 497 457 537 537 557 550 584 569 487 451 512 473 483 417 439 399 409 392 417 412 397 352 357 352 352 347 
SD 146 129 138 133 146 146 149 147 147 129 139 128 130 122 120 114 121 117 124 121 106 88 93 88 90 85 
KOKKOLA Min 3 3 5 5 5 5 5 5 5 5 5 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 211 170 200 177 197 176 218 193 212 174 187 163 156 142 147 129 129 114 116 105 93 72 74 66 67 57 
Me 164 142 173 142 161 121 194 148 200 165 150 119 109 96 104 97 93 78 94 67 71 53 60 53 62 39 
Max 447 407 487 487 507 500 534 519 437 401 462 423 433 373 389 349 359 338 363 358 343 298 303 298 298 293 
SD 143 123 135 131 138 141 142 141 139 120 132 122 124 116 113 105 113 108 114 111 94 76 79 75 76 73 
PIETAR- Min 2 2 5 4 2 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SAARI M 195 157 184 161 182 161 202 167 196 159 171 148 141 125 135 113 115 100 102 90 79 58 58 50 55 46 
Me 146 124 155 123 142 103 177 125 183 144 131 100 91 76 88 78 74 61 76 47 54 36 42 31 45 28 
Max 430 390 470 470 490 483 517 502 420 384 445 406 416 356 372 332 342 321 346 341 326 281 286 281 281 276 
SD 141 123 132 128 135 138 139 138 136 118 130 119 124 115 112 104 110 105 111 109 91 73 77 73 73 69 
VAASA Min 11 11 10 10 11 10 10 6 8 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
m 167 130 153 131 153 137 173 143 163 129 138 118 108 96 113 88 85 79 76 71 58 42 41 35 35 27 
Me 136 87 117 94 104 68 141 93 135 110 83 70 50 45 55 41 36 30 39 28 29 20 22 15 16 4 
Max 387 347 427 427 447 440 474 459 375 339 400 361 371 315 440 287 299 280 305 300 285 240 245 240 240 235 
SD 129 114 123 116 126 128 128 126 125 105 119 108 115 105 120 96 100 94 94 92 79 61 63 62 60 57 
KASKINEN Min 2 1 1 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 118 84 105 89 103 92 116 93 113 84 66 72 68 59 57 51 51 46 43 41 31 22 17 15 15 12 
Me 98 60 77 62 70 47 94 53 90 61 41 38 25 22 20 18 5 4 4 3 3 2 0 0 0 0 
Max 311 261 361 361 411 390 40] 386 293 257 318 279 289 238 245 211 226 215 228 223 208 178 168 163 163 158 
SD 108 89 101 92 105 102 105 101 101 83 101 85 • 90 78 79 73 78 73 72 69 61 51 42 40 39 35 
TABLE 1. EXTENT OF ICE-COVER OUTSIDE THE VARIOUS HARBOURS 1960/61-1989/90. 	Min= armt=um. M= mean, Me= tedian. Max= maxirmua SD=standard deviation. 
Distance in nautical miles to the eda of on water (A) and the distance of :hick ice (>10 cm) (B). 
TAULUKKO 1. IÄAPEITTEEN LAAJUUS ERI SATAMIEN EDUSTOILLA 1960/61-1989/90. 	Min=piernn. M= keskiarvo. Me= mediaorm, Max= suurin, SD=keskibojonta. 
Etdisyys oinBulnssa avovedee reunaan (A) sekä (>10 cm) paksussa jålss,'i kuljeu3van makan pituus (B). 
Montb/kk III rV V 
Daylpva 4 9 14 19 24 29 3 8 13 18 23 28 3 
A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B 
PORI Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 95 66 82 69 79 69 90 70 89 65 65 53 50 42 42 34 34 31 29 27 21 15 12 11 10 S 
Me 98 44 56 46 57 25 59 33 53 43 15 10 7 6 3 0 0 0 0 0 0 0 0 0 0 0 
Max 264 214 314 314 364 343 354 339 254 216 277 238 248 189 204 164 179 164 179 174 159 131 119 116 114 109 
SD 90 72 84 76 89 86 91 85 87 70 82 71 75 65 65 56 61 57 55 52 45 37 33 31 29 25 
RAUMA Min 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 99 65 74 63 71 62 81 I 	62 78 56 58 49 44 35 33 28 31 28 26 24 19 13 11 9 8 6 
~ Me 107 45 57 40 45 18 1 	58 ! 	19 52 20 15 l 	7 6 6 6 6 6 6 3 2 0 0 0 0 0 0 
Max 249 199 i 	299 299 349 325 339 I 	324 231 194 255 216 
, 
226 166 182 149 164 155 156 151 136 116 95 93 91 86 
SD 80 66 I 	75  69 81 76 83 I 	77 79 63 72 62 66 53 55 48 53 50 49 46 39 31 26 25 22 20 
iUUSIKAU- Min 0 0 0 0 0 0 1 	0 0 0 0, o o 0 l 	0 0 0 0 0 0 0 0 0 0 0 0 0 
~PUNK1 M 74 57 62 55 61 53 1 	72 55 69 52 50 44 40 32 29 25 25 23 21 19 16 11 9 7 6 5 
Me 82 55 48 30 32 19 i 	91 18 53 16 12 12 11 11 11 11 9 8 4 3 3 0 0 0 0 0 
~ Max 212 162 262 262 312 291 302 f 	302 324 172 233 194 204 147 160 120 127 122 137 132 117 81 86 72 76 70 
~ SD 65 52 60 53 69 65 72 1 	69 69 54 63 I 	53 58 46 44 37 42 39 39 37 33 26 23 20 19 18 
MHAR]AN- Min 0 0 0 0 0 0 0 0 0 0 I 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
HAMINA M 30 21 23 18 28 22 ` 	34 24 33 19 I 	24 21 19 15 12 10 10 7 7 6 4 I 2 0 1 0 
Me 7 5 8 4 4 4 10 1 	4 5 3 5 4 2 1 0 0 0 0 0 0 0 0 0 0 0 0 
Max 150 115 190 190 240 230 235 235 135 99 160 140 130 73 88 65 85 55 80 75 60 20 20 4 20 1 
i SD 43 33 41 39 50 45 53J 49 49 31 41 36 33 24 25 20 22 16 19 17 14 4 5 1 4 0 
:TURKU Min 0 0 0 0 0 0 0 I 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 64 53 56 52 t 61 55 67 57 63 51 54 47 49 44 45 34 35 26 26 21 17 11 12 S 7 3 
'j Me 54 51 53 { 	51 55 48 56 I 	52 53 51 52 51 48 48 45 30 37 18 18 0 0 0 0 1 	0 0 0 
Max 183 133 233 ! 	233 283 262 273 `  	273 176 140 201 162 172 121 228 86 93 86 111 106 91 50 61 1 	50 55 41 
SD 46 36 44 f 	42 53 49 53 i 	51 43 38 47 37 41 35 45 27 31 29 30 29 27 19 22 . 	17 16 11 
HANKO Min 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 41 27 27 20 33 25 38 29 35 24 26 21 17 13 
I 	
18 11 9 7 6 5 4 3 1  0 1 0 
Me 15 11 13 7 15 6 12 8 13 13 7 7 6 4 4 1 1 0 0 0 0 0 0 0 0 0 
Max 162 132 230 230 265 255 250 250 181 145 ! 
I 	
206 167 144 124 167 79 94 89 114 109 94 49 15 8 20 7 
SD 51 39 48 45 55 52 58 . 	55 51 38 	I 50 38 32 26 35 19 21 17 31 20 17 9 4 	1 1 4 1 
HELSINKI Min 0 0 0 0 0 0 0 	0 0 0 E 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M 86 63 58 50 74 SS 75 I 	66 72 58 	l; 	55 48 38 34 31 29 24 19 15 12 8 6 6 4 3 1 
Me 81 57 45 43 62 47 1 	56 	49 47 43 ' 	39 35 25 21 14 9 5 4 3 1 0 0 0 0 0 0 
Max 214 174 269 269 330 320 309 	309 251 215 	276 237 212 192 154 149 121 115 140 135 55 50 50 1 	38 35 14 
SD 67 49 556 53 69 66 I 	73 	69 72 60 	66 57 50 45 40 39 34 28 29 27 16 13 13 1 	10 7 3 
TABLE 1. EXTENT OF ICE-COVER OUTSI DETHEVARIOUSHARBOURS1960/61-1989190. 	Min= minimum. M=n>°an.Me=median, Max= rnaximum SD= sndard deviation.  
Dissince in nautical miles to be edge of on water (A) and the distance of thick ice (>10 cm) (B). 
TAULUKKO 1. L4p,PE1TTEEN LAAJUUS ERI SATAMIEN EDUSTOILLA 1960161-1989/90. 	Min= pien. M= keskiarvo. Me=mediaan. Max= suurin. SD=keskihajonia. 
Etäisyys meripeninku1m ssa avoveden reunaan (A) sekä (>10 con) paksussa jäässä kuljettavan mati;an pituus (B). 
Month/kk In IV v 
Day/pva 4 9 14 19 24 29 3 8 13 18 23 28 3 
A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B A 	B 
LOVIISA Mn 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 	0 0 0 
M 133 109 106 94 119 101 121 111 116 100 98 90 77 73 72 63 59 Si 44 36 30 24 if 15 7 5 
Me 134 109 104 99 121 ]02 113 104 104 98 95 91 80 72 63 49 55 41 25 17 11 8 1 0 0 0 
Max 272 232 326 326 377 367 366 366 307 271 332 293 268 248 210 205 179 171 196 191 111 106 106 94 91 60 
SD 82 65 68 67 81 78 86 82 86 76 8I 71 65 61 61 57 54 48 47 45 36 34 31 28 19 I3 
KOTKA 	Min 	0 	 0 	0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
If ✓' 	143 	:s 	117 ` 	305 _31 112 132 122 126 All 108 101 as 84 82 73 72 61 54 44 40 31 23 23 10 7 
Me 	146 	121 	1 	115 	• 	112 134 117 126 117 117 111 109 104 91 84 76 62 68 54 39 31 27 22 1 0 0 0 
Max 	285 	245 	339 	339 390 380 379 379 321 285 346 307 282 262 224 219 290 185 210 205 125 120 120 108 105 74 
!SD 	84 	68 	71 	` 	70 84 81 89 85 89 79 84 74 69 64 65 61 I 	67 51 51 49 40 38 36 33 23 16 
HAM1NA 	"Min 





















































Me 157 E! 136 130 125 147 132 139 131 130 123 122 117 102 96 88 73 79 67 53 43 40 35 11  I 0 0  
Max 298 258 352 352 403 393 392 393 334 298 359 320 295 275 237 232 205 198 223 218 138 133 133 133 118 87 
SD 86 70 75 75 88 84 92 , 	88 l 	92 83 87 78 72 67 65 61 60 55 54 53 45 43 a0 40 28 20 " 
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Figure 2. Extent of ice cover outside Kemi 1960/61-1989/90. Maximum, mean, median and minimum 
distance to the edge of open water. 
Kuva 2. Jääpeitteen laajuus Kemin edustalla 1960161-1989/90.  Suurin (Max), keskimääräinen 
(Mean), mediaavi (Me) ja pienin (Min) matka avoveden reunaan. 
OULU 
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Figure 3. Extent of ice cover outside Oulu 1960/61-1989/90. Maximum, mean, median and minimum 
distance to the edge of open water. 
Kuva 3. Jääpeitleeu laajuus Oulun edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
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Figure 4. Extent of ice cover outside Raahe 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 4. Jääpeitteen laajuus Raahen edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
(Mean), mediaatu (Me) ja pienin (Min) matka avoveden reunaan. 
KOKKOLA 
- - - - - Max 
Mean 
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- - - - - Mill 
Figure 5. Extent of ice cover outside Kokkola 1960/61-1989/90. Maximum, mean, median and 
miiumum distance to the edge of open water. 
Kuva 5. Jääpeitteen laajuus Kokkolan edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
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Figure 6. Extent of ice cover outside Pietarsaari 1960/61-1989/90. Maximun, mean, median and 
minimum distance to the edge of open water. 
Kuva 6. Jääpeitteen laajuus Pietarsaaren edustalta 1960/61-1989/90. Suurin (Max), keskimääräinen 
(Mean), medianni (Me)ja pienin (Min) matka avoveden reunaan. 
VAAS A 
Figure 7. Extent of ice cover outside Vaasa 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 7. Jiiäpeitteen laajuus Vaasan edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
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Figure 8. Extemt of ice cover outside Kaskiueu 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 8. Jääpeitteen laajuus Kaskisten edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
(Mean), mediaani (Me) ja pienin (Min) matka avoveden reunaan. 
PORI 
Figure 9. Extent of ice cover outside Pori 1960/61-1989/90. Maximum, mean, median and minimum 
distance to the edge of open water. 
Kuva 9. Jääpeitteen laajuus Porin edustalla 1960/61-1989190. Suurin (Max), keskimääräinen (Mean), 
mediaani (Me) ja pienin (Mim) matka avoveden reunaan. 
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Figure 10. Extent of ice cover outside Rauma 1960/61-1989/90. Maximum, mean, median and 
minimum distance to (he edge of open water. 
Kuva 10. Jääpeitteen laajuus Rauman edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
(Mean), mediaavi (Me) ja pienin (Min) matka avoveden reunaan. 
UUSII{AUPUNKI 




Figure 11. Extent of ice cover outside Uusikaupunki 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 11. Jääpeitteen laajuus Uudenkaupungin edustalla 1960/61-1989/90. Suurin (Max), 
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Figure 12. Extent of ice cover outside Maarianhamina 1960/61-1989/90. Maximum, mean, median 
and minimum distance to the edge of open water. 
Kuva 12. Jääpeilteen laajuus Maarianhamivan edustalla 1960/61-1989/90. Suurin (Max), 
keskimääräinen (Mean), mediaavi (Me)ja pienin (Min) matka avoveden reunaan. 
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Figure 13. Extent of ice cover outside Turku 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 13. Jääpeitteen laajuus Turun edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
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Figure 14. Extent of ice cover outside Hanko 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 14. JMpeitteen laajuus Hangon edustalla 1960/61-1989/90. Suurin (Max), keskim~idräiuen 
(Mean), mediaani (Me)ja pieun (Min) matka avoveden reunaan. 
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Figure 15. Extent of ice cover outside Helsinki 1960/61-1989/90. Maximum, mean, mediae and 
minimum distance to the edge of open water. 
Kuva 15. JTäpeilteen laajuus Helsingin edustalla 1960/61-1989/90. Suurin (Max), keskimäärvneu 
(Mean), mediaan (Me) ja pienin (Min) malka avoveden reunaan. 
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Figure 16. Extent of ice cover outside Loviisa 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 16. Jääpeitteen laajuus Loviisan edustalla 1960/61-1989/90. Suurin (Max), keskinuiäräinen 
(Mean), mediaavi (Me)ja pienin (Min) matka avoveden reunaan. 
14O'TKA 
Figure 17. Extent of ice cover outside Kotka 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 17. Jääpeitteeu laajuus Kotkan edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
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Figure 18. Extent of ice cover outside Hamina 1960/61-1989/90. Maximum, mean, median and 
minimum distance to the edge of open water. 
Kuva 18. Jääpeitteen laajuus Haminan edustalla 1960/61-1989/90. Suurin (Max), keskimääräinen 
(Mean), mediaani (Me)ja pienin (Min) matka avoveden reunaan. 
27 
TABLE 2. The severity of the ice winters in the Baltic Sea 1961-90. 
TAULUKKO 2. Itämeren jäätalvien ankaruusluokitus 1961-90. 




Max. extent of ice cover/ km2/ 
Jääpeitteen suurin laajuus/ krn2  
I Extremely mild/Erittäin leuto 1989 52 000 
2 Extremely mild/Erittäin leuto 1961 53 000 
3 Extremely mild/Erittäin leuto 1990 67 000 
4 Extremely mild/Erittäin leuto 1975 74 000 
5 Mild/Leuto 1974 94000 
6 Mild/Leuto 1973 99000 
7 Mild/Leuto 1983 1 17 000 
8 Averege/Keskimliäräinen 1988 149 000 
9 Averege/Keskimääräinen 1964 150000 
10 Averege/Keskimääräinen 1965 153 000 
I 	I Averege/Keskimääräinen 1971 157 000 
12 Averege/Keskimääräinen 1962 160000 
13 Averege/Keskimääräinen 1976 164000 
14 Averege/Keskimääräinen 1981 175 000 
15 Averege/Keskimaariinen 1972 180 000 
16 Averege/Keskimiiäräinen 1967 183 000 
17 Averege/Keskimääräinen 1984 187 000 
8 Averege/Keskimääräinen 1977 190 000 
19 Averege/Keskimääräinen 1978 193 000 
20 Averege/Keskimääräinen 1968 214000 
21 Averege/Keskimääräinen 1982 255 000 
22 Averege/Keskimääräinen 1980 260000 
23 Averege/Keskimääräinen 1969 265 000 
24 Severe/Ankara 1979 325 000 
25 Severe/Ankara 1986 337 000 
26 Severe/Ankara 1963 355 000 
27 Severe/Ankara 1985 355 000 
28 Severe/Ankara 1970 370 000 
29 Severe/Ankara 1966 374000 
30 Extremely severe/Ankara 1987 405 000 
Mean 1961-70 228 000 
Keskiarvo 1971-80 174 000 
1981-90 210 000 
1961-90 204 000 
TABLE 3. RESTRICTIONS TO NAVIGATION. FIRST DATE OF VALIDITY. 198061-1989190. 	 TAULUKKO 3. MERILIIKENNERAJOITUSTEN ALKAMISPAIVÄMÄÄRÄT 1980/81-1989/90. 	 ~t,) 
Min= minimum, M= mean, Me= median. Max= maximum SD= standard deviation. 	 Min= aikaisin. M= keskiarvo, Me= mediaan, Max= myohåisin. SD= keskibajonta, 
Y= number of years with restrictions, += minimum cargo. 	 Y= rajoitusvuosien lukumäE. += lastirajoitus. 
Ice Class/j931uokka Il IC IA 
Harbour/sat2ma 	dwt 900 	1300 	2000t 9001 	1300 	20001 900 	1300 	20001 900 	1300 	2000 	2000+ 	3000 	3000+ 	4000 	4000+ 
KEMI Min 29/11 29/11 10/12 23/12 129/11 29/11 10/12 23/12 29/11 29/11 10/12 28/13 29/11 29/11 10/12 14/01 11/02 07/02 15/02 
M 16/12 16/12 20/12 05/01 •16/12 16/12 24/12 07/01 16/12 16/12 30/12 18/01 16/12 16/12 30/12 03102 18/02 17/02 01103 
Me 16/12 16/12 19/12 04/01 16/12 16/12 21/12 04/01 16/12 16/12 30/12 19/01 16/12 16/12 30/12 - 01/02 18/02 15/02 06/03 
Max 11/01 11/01 I1/O1 19101 11/01 11/01 11/01 05/02 ]1/01 11/01 ]4/01 05/02 1 ll/01 11/01 14/01 • 08/03 1 26!02 01/03 1 10/03 SD 12 
12 





1 2  
10 10 10 10 10 10 10 10 10 10 - 3 
OULU Min 29/11 29/11 10/12 23/12 29/11 29/11 10/12 23/12 29/11 29/11 10/12 28/12 29/11 29/11 10/12 - 14/01 11/02 07/02 15/02 
M 16/12 16/12 20/12 05/01 16/12 16/12 24/12 07/01 16/12 16/12 30/12 18/01 16/12 16/12 30/12 03102 15102 17/02 01103 
Me 16/12 16/12 19/12 04/01 16/12 16/12 21/12 04/01 16112 16/12 30/12 19/01 16/12 16/12 30/12 - 01/02 18/02 15/02 06/03 
Max 11/01 11/01 11/01 19/01 21/01 11/01 11/01 05/02 11/01 11/01 14/01 05/02 11/01 11/01 14/01 08/03 26/02 01/03 10/03 
SD 12 12 9 9 12 12 111 13 12 12 12 11 12 12 12 - 16 11 11 12 
Y 10 10 10 10 10 10 10 10~ 10 10 10 10 10 10 10 0 9 2 3 3 
RP.AHE Min 02/12 02/12 10/12 23/12 02/12 02/12 10/12 28/12 02/12 02/12 10/12 09/01 02112 02/12 10/12 - 14/01 11/02 07/02 15/02 
M 20/12 20/12 25/12 09/01 20/12 20/12 27/12 10/01 20/12 20/12 02/01 19/01 20/12 20/12 02/01 03/02 18/02 17/02 01/03 
Me 17/12 ,17/12 21/12 12/01 17/12 17/12 21/12 12/01 17/12 17/12 30/12 19/01 17/12 17/12 30/12 01/02 18/02 15/02 06/03 
Max 21/01 21/01 28/01 28/12 21/01 21/01 28/01 05/02 21/01 21/01 28/01 05/02 21/01 21/01 28/01 - 08/03 26/02 01/03 10/03 
SD 15 15 15 11 15 15 16 13 15 15 16 9 15 15 16 - 16 11 II 12 
Y 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 0 9 2 3 3 
l KOKKOLA Min 12/12 12/12 28/12 02/01 12/12 121/12 28/12 09/01 12/12 12/12 02/01 14/01 12112 12/12 09/01 26/02 02/02 15/02 06/03 
M 28/12 28/12 13/01 27/01 2&12 2812 14/01 24101 28/12 2812 30/01 02/02 28/12 28/12 31/01 26/02 07/02 - 24102 08/03 
Me 26/12 26/12 10/01 24/01 26/12 26/12 11/01 23/01 26/12 26/12 27/01 29/01 26/12 26/12 27/01 26/02 07/02 28/02 08/03 
Max 21/01 21/01 05/02 08/03 21/01 21/01 05/02 19/02 21/01 21/01 08/03 28/02 21/01 21/01 08/03 26/02 12/02 - 01/03 10/03 
j SD 13 13 13 19 13 13 14 13 13 13 21 18 13 13 19 - 4- 8 3 
Y 10 10 10 10 10 10 10 9 10 10 10 6 10 10 10 1 4 0 3 2 
PIEIARSAA RI Min 12/12 12/12 28/12 02/01 12112 12/12 28/12 09/01 12/12 p 12/12 02/01 14/01 12/12 12/12 09/01 26/02 02102 15/02 06/03 
NI 28/12 23/12 13/01 27/01 28/12 28/12 14101 24/01 28112 626/12 30/01 02/02 28/12 28/12 31/01 26/02 07/02 1 - 24/02 08/03 
Me 26/12 26112 10/01 24/01 26/12 26/12 11/01 23/01 26/12 i 26/12 27/01 29/01 26/12 26/12 27/01 26/02 07/02 28/02 08/03 
Max 21/01 21/01 05/02 08/03 21/01 21/01 05/02 19/02 21/01 1 21/01 08/03 28/02 21/01 21/01 08/03 26/02 12/02 01/03 10/03 
SD 13 13 13 19 13 13 14 13 13 13 21 18 13 13 19 - 4- 8 3 
Y 10 10 10 10 10 10 10 9 10 10 10 6 10 10 10 1 4 0 3 2 
VAASA Min 12/12 19/12 28/12 09/01 12112 19/12 28/12 14/01 12/12 19/12 09/01 14/01 12/12 19/12 14/07 28/02 
;! 01101 06/01 21101 11/02 01101 06/01 24/01 12/02 01101 06/01 11102 11102 01/01 06/01 12102 28102 - 
Me 01/01 06/01 12/01 13/02 01/01 06/01 14/01 13/02 01/01 06/01 13/02 25/02 01/01 06/01 13/02 28/02 
i 1 Max 28/01 05/02 08/03 11/03 28/01 05/02 08/03 11/03 28/01 05/02 11/03 25/02 28/01 05/02 11/03 28/02 
SD 15 14 24 20 15 14 25 18 15 14 20 24 15 14 16 - - 
Y 10 10 10 6 10 10 9 6 10 10 6 3 10 10 6 0 1 0 0 0 
TABLE 3. RESTRICTIONS TO NAVIGATION, FIRST DATE OF VALJDITY. 1980181-1989/90. 	 TAULUKKO 3. MERILIIKENNERAJO[TUSTEN ALKAMISPÄIVÄMÄÄRÄT 1980181-1989/90. 
Min= minimum, M= mcan. Me= median. Max= maximum. SD= standard deviation. 	 Min= aikaisin, M= keskiarvo, Me= mediaarv, Mas= myöb3isin, SD= keskibajonta, 
Y= number of years with restrictions, += minimum cargo. 	 Y= rajoitusvuosiea Luka 	d. += lastirajoitus. 
Ice Qass/jaaluokka ]I IC IA 
H3rbour/satama 	dwt 900 	1300 	2000 900 	1300 	2000 900 	1300 	2000 900 	1300 	2000 	2000+ 	3000 	3000+ 	4000 	4000+ 
KASKINEN Min 02/01 09/01 14101 22/01 02/01 09101 14/01 22101 02101 09/01 22101 22101 02101 09/01 22/01 28/02 - 
M 22/01 24101 04/02 16/02 22/01 24/01 04/02 08102 22/01 24/01 16/02 13/02 22/01 24101 16/02 15102 
Me 19/01 19/01 05/02 15/02 19/01 19/01 05/02 11102 19/01 19/01 15/02 25/02 19/01 19/01 15/02 28102 - 
Max 28/02 28/02 19/02 21/03 29/02 28/02 19/02 18/02 28/02 28/02 21/03 25/02 28/02 28/02 21/03 28102 - 
51) 17 16 12 21 17 16 12 12 17 16 21 20 17 16 21 - - - - 
Y 9 9 6 5 9 9 6 4 9 9 5 3 9 9 5 0 1 0 0 0 
PORI Min 09/01 09/01 14/01 22/01 09/01 09/01 14/01 22101 09/01 09/01 22/01 22/01 09/01 09/01 22/01 28/02 - 
NI 26/01 31/01 05/02 16/02 26/01 31/01 09/02 08102 26101 31/01 16/02 13102 26/01 31101 08102 28/02 - - 
Me 24/01 25/01 02102 15/02 24/01 25/01 02/02 11/02 24/01 25/01 15/02 25/02 24/01 25/01 11/02 28/02 - - 
Ma-, 19/02 08/03 03/03 21/03 19/02 08/03 21/03 18/02 19/02 08/03 21/03 23/02 19/02 08/03 18/02 28/02 - - 
SD 16 20 18 21 16 20 24 12 16 20 21 20 16 20 12 - - - 
Y 8 7 5 5 8 7 5 4 8 7 5 3 8 7 4 1 0 0 0 0 
RAUMA Min 09/01 09/01 14/01 22101 09/01 09/01 14/01 22/01 09/01 09/01 22/01 22/01 09/01 09/01 22101 28/02 - - 
M 26/01 31/01 05/02 16/02 26/01 31101 09/02 08/02 26/01 31101 16/02 13102 26/01 31/01 08/02 28!02 
Me 24/01 25/01 02/02 15/02 24/01 25/01 02102 11/02 24/01 25/01 15/02 25/02 24/01 25/01 11/02 28/02 - - - 
'I Max 19/02 08/03 03/03 21/03 19/02 08/03 21/03 18/02 19/02 08/03 21/03 23/02 19/02 08/03 18/02 28/02 - - - 
p SD 16 20 18 21 16 20 24 12 16 20 21 20 16 20 12 - - - - 
Y 8 7 5 5 8 7 5 4 8 7 5 3 8 7 4 1 0 0 0 0 
UUSIKAU- Min 09/01 09/01 14/01 08/02 09/01 09/01 14/01 08/02 09/01 09/01 08/02 - 09/01 09/01 08/02 - - - 
PUNKI M 26/01 01102 30/01 11/02 26/01 01/02 30/01 11/02 26/01 01102 24/02 - 26/01 01/02 2/02 - 
Me 24/01 25/01 01/02 11/02 24/01 25/01 01/02 11/02 24/01 25/01 15/02 - 24/01 25/01 15/02 - - - 
Max 19/02 08/03 12/02 15/02 19/02 08/03 12/02 15/02 19/02 08/03 22/03 19/02 08/03 22/03 
SD 16 23 12 5 16 23 12 5 16 23 23 - 16 23 23 - 
y Y 8 7 4 2 8 7 4 2 9 7 3 0 8 7 3 0 0 0 0 0 
NAANTALI Min 14/01 14701 15/02 - 14/01 14/01 15/02 14/01 14/01 28/02 - 14/01 14/01 28/02 
M 09/02 12102 24/02 09/02 12102 24/02 09/02 12/02 28/02 09/02 12/02 28/02 - 
Me 06/02 12102 28/02 06/02 12/02 28/02 06/02 12/02 28/02 - 06/02 12/02 28/02 - 
Maz 08/03 21/03 01/03 08/03 21/03 01/03 - 08/03 21/03 28/02 - 08/03 21/03 28/02 - 
SD 21 24 8 - 21 24 B - 21 24 - - 21 24 - - 
II Y I 	6 5 3 0! 6 5 3 0 6 5 0 0 6 5 0 0 0 0 0 0 
TURKU Min 14/01 14/01 15/02 - 14/01 14/01 15/02 14/01 14/01 28/02 - 14/01 14/01 28/02 - - 
M 09/02 12102 24/02 09/02 12102 24/02 09/02 12102 28/02 - 09/02 12102 28/02 - - 
Me 06/02 12/02 28/02 06/02 12102 28/02 06/02 12102 28/02 06/02 12/02 28/02 - 
Max 08/03 21/03 01103 08/03 21/03 01/03 - 08/03 21/03 28/02 08/03 21/03 28/02 - - - 
SD 21 24 8 - 21 24 8 - 21 24 - 21 24 - - 
Y 6 5 3 0 6 5 3 0 6 5 0 0 6 5 0 0 0 0 0 0 N 
TABLE 3. RESTRICTIONS TO NAVIGATION, FIRST DATE OF VALIDITY, 19 808 2-1 9 89/90. 	 TAULUKKO 3. MERILIIKENNERAJOITUSTEN ALKAMISPÄIVÄMÄÄRÄT 1980181-1989/90. 	 W 
Min= minimum. M= mean. Me= Tedian. Max= maxi **+ SD= standard deviation. 	 Min= aikaisin. M= keskiarvo. Me= medianni. Max= myöbaisin, SD= keskibajonta. 	 CD 
Y= number of years with restrictions, += minimum cargo. - 	 Y= rajoi usvuosien 1ukum33r3, += lastirajoims. 
Ice Class/jääluokka D IC IA 
Harbourlsatama 	dwt 900 	1300 	2000 900 	1300 	2000 900 	1300 	2000 900 	1300 	20001 	2000+ 	30001 	3000+ 	4000 	4000+ 
HANKO Min 14/01 14/01 02/02 15/02 14/01 14/01 02/02 15/02 14/01 14/01 15/02 - 14/01 14/01 15/02 - - 
Ns 14/02 14102 19/02 15102 14/02 14/02 19/02 15/02 14/02 14/02 21102 - 14/02 14/02 21102 - 
Me 15102 12/02 28/02 15/02 15/02 12102 28102 15/02 15/02 12/02 21/02 - 15/02 12/02 21/02 - - - 
Max 08/03 21/03 01/03 15/02 08/03 21/03 01/03 15/02 08/03 21103 28/02 08/03 21/03 28/02 
SD 19 27 15 - 19 27 15 - 19 27 9 - 19 27 9 - - 
Y 7 5 3 1 7 5 3 1 7 5 2 0 7 5 2 0 0 0 0 0 
KOVERHAR Min 14/01 14/01 02/02 15/02 14101 14/01 02/02 15/02 14/01 14/01 15/02 14/01 14/01 15/02 - - - 
M 14102 14102 19/02 15/02 14/02 14/02 19/02 15/02 14/02 14/02 21102 14/02 14102 21/02 - 
Me 15/02 12102 28/02 15/02 15/02 12102 28/02 15/02 15/02 12102 21/02 - 15/02 12/02 21/02 - 
Max 08/03 21/03 01/03 15/02 08/03 21/03 01/03 15/02 08/03 21/03 28/02 - 08/03 21/03 28/02 
SD 19 27 15 - 19 27 15 - 19 27 9 - 19 27 9 - 
Y 7 5 3 1 7 5 3 1 7 5 2 0 7 5 2 0 0 0 0 0 
INKOO Min 09/01 09/01 02/02 15/02 09/01 09/01 02/02 15/02 09/01 09/01 15/02 - 09/01 09/01 15/02 - - 
A 01102 12/02 23102 02103 01/02 12/02 23/02 24102 01102 12/02 02/03 - 01102 12102 24/02 
Me 03/02 21/02 20/02 28102 03/02 21/02 20/02 28/02 03/02 21/02 28/02 03/02 21/02 28/02 - 
Mac 28/02 08/03 21/03 21/03 28/02 08/03 21/03 01/03 28/02 08/03 21/03 28/02 08/03 01/03 - - - - 
SD 20 22 18 14 20 22 18 8 20 22 14 - 20 22 8 - 
1 Y 8 2 5 4 8 2 5 3 8 2 4 0 8 2 3 0 00 0 0 
KANTVIK Min 09/01 09/01 02/02 15/02 09/01 09/01 02/02 15/02 09/01 09/01 15/02 09/01 09/01 15/02 
SS 01102 12/02 23/02 02/03 01/02 12/02 23/02 24102 01102 12/02 02/03 01702 12102 24/02 
Me 03/02 21/02 20/02 28/02 03/02 21/02 20/02 28/02 03/02 21/02 28/02 03/02 21/02 28/02 
Max 28/02 08/03 21/03 21/03 28/02 08/03 21/03 01/03 28/02 08/03 21/03 28/02 08/03 01/03 
SD 20 22 18 14 20 22 18 8 20 22 14 - 20 22 8 - • - - 
Y 8 2 5 4 8 2 5 3 8 2 4 0 8 2 3 0 0 0 0 0 
HELSINKI Min 09/01 09/01 02/02 15102 09/01 09/01 02/02 15/02 09/01 09/01 15/02 09/01 09/01 15/02 - - - - 
iii 01102 12/02 23102 32103 01/02 12/02 23/02 23102 01102 12/02 02103 01102 12/02 24/02 - 
Mz 03/02 21/02 20/02 28/02 03/02 21/02 20/02 28/02 03/02 21/02 28/02 03/02 21/02 28/02 - - 
Mas 28/02 08/03 21/03 21/03 28/02 08/03 21103 21/03 28/02 08/03 21/03 28/02 08/03 01/03 - - - 
SD 20 22 18 14 20 22 18 18 20 22 14 - 20 22 8 - - - - 
Y 8 8 5 4 8 B 5 3 8 8 4 0 8 8 3 0 0 0 0 0 
PORVOO Min 09/01 09/01 14/02 15/02 09/01 09/01 14102 15/02 09/01 09/01 15/02 09/01 09/01 15/02 - - - 
M 0L02 11702 12/02 02/03 01102 11102 12/02 24/02 01102 11102 02/03 01/02 11/02 24102 - - - 
Me 03/02 17/02 12/02 28102 03/02 17/02 12102 28/02 03/02 17/02 28/02 - 03/02 17/02 28/02 - - - 
Max 28/02 08/03 21/03 21103 28/02 08/03 21/03 01/03 28/02 08/03 21103 28/02 08/03 01/03 - - 
51) 20 22 24 14 20 22 24 8 20 23 14 - 20 22 8 - 
Y 8 8 5 4 8 8 5 3 8 8 4 0 8 8 3 0 0 0 0 0 
TABLE 3. RESTRICTIONS TO NAVIGATION, FIRST DATE OF VALIDITY, 1980181-1989/90. 	 TAULUKKO 3. MERILIIKENNERAJOITUSTEN ALKAMISPÄIVÄMÄÄRÄT 1980/1-1989/90. 
Mizr= minimum. M= mean. Me= median. Max= axin SD= standard deviation, 	 Min= aikaisin, M= keskiarvo, Me= mediaarv, Max= myöbäisin, SD= keski ajonta, 
Y= number of years with restrictions, += minimum cargo. 	 Y= rajoitusvuoåen lukurå, += Iastirajoitus. 
Ice Cass/ja2luokka D IC IA 
Harboui/satama 	dwt 900 	1300 	2000 900 	1300 	2000 900 	1300 	2000 900 	1300 	2000 	2000+ 	3000 	3000+ 	4000 	4000+ 
LOVIISA Min 01/01 01/01 14/01 15/02 01/01 01/01 14/01 15/02 01101 01/01 15/02 - 01/01 01/01 15102 - - 
M 19/01 29/01 09/02 02/03 19/01 29/01 12/02 24/02 19/01 29/01 24/02 19/01 29/01 24/02 - 
Me 19/01 27/01 08102 28/02 19/01 27/01 08/02 28102 19/01 27/01 28/02 19/01 27/01 28/02 
Max 11/02 08/03 03/03 21/03 11/02 08/03 21/03 01/03 11102 08/03 01/03 11/02 08/03 01/03 - 
SD 13 21 19 14 13 21 24 8 13 21 8 - 13 21 8 - - 
Y 10 10 6 4 10 10 6 3 10 10 3 0 10 10 3 0 0 0 0 0 
KOTKA Min 01/01 01/01 14/01 15/02 01/01 01/01 14/01 15/02 01/01 01/01 15/02 01/01 01/01 15/02 - - - 
V 19/01 29/01 09102 02103 19/01 29/01 12/02 24/02 19/01 29/01 24102 19/01 29/01 24/02 
Me 19/01 27/01 08/02 28/02 19/01 27/01 08/02 28/02 19/01 27/01 28/02 19/01 27/01 28/02 - - 
Max 11/02 08/03 03/03 21/03 11/02 08/03 21/03 01/03 11/02 08/03 01/03 11/02 08/03 01/03 - - - 
SD 13 21 19 14 13 21 24 8 13 21 8 - 13 21 8 - - - - 
Y 10 10 6 4 10 10 6 3 10 10 3 0 10 10 3 0 0 0 0 0 
HAMINA Min 01/01 01/01 14/01 15/02 01/01 01/01 14/01 15/02 01/01 01/01 15/02 01/01 01/01 15/02 - - 
M 19/01 29/01 09/02 02103 19/01 29101 12/02 24/02 19/01 29101 24102 19101 29/01 24/02 - - - 
Me 19/01 27/01 08/02 28/02 19/01 27/01 08/02 28/02 19/01 27/01 28/02 19/01 27/01 28/02 - - - 
Maz 11/02 08/03 03/03 21/03 11/02 08/03 21/03 01/03 11/02 08/03 01/03 11/02 08/03 01/03 - - - - 
SD 13 21 19 14 13 21 24 8 13 21 8 - 13 21 8 - - 
Y 10 10 6 4 10 10 6 3 10 10 3 0 10 10 3 0 0 0 0 0 
W 
N 
TABLE 4. RESTRICTIONS TO NAVIGATION, LAST DATE OF VALIDITY, 198081-1989/90. 	 TAULUKKO 4. MERILIIKENNERAJOITUSTEN PÄÄTTYMISPÄIVÄM.AARÅT 1980/81-1989/90.  
1än= minmur. ;4= seat. Me= median. Max= maximum SD=standard deviation. 	 Min= aikaisin. M= keskiarvo. Me= mediaan. Max= myöb2isin. SD= keskibajollta. 
Y= number of years with res[sictions. += mini.mum cargo. 	 Y= rajoitusvuosien lukum0r0, += lastimjoitus. 
Ice 0:ss/j0 luok::a 	! IA IB IC II 
Hsrbour/satama 	dwt 	• 	4000+ 	4000j0+ 	30001 	2000- 1 	2000 	1300 	9001 	0 20001 	13oo1 	900 	0 2000 	1300 	900 	0 2000 	13001 	900 	0 
KE"/tI 	, ;ytin '07/ 	7004 	/T04 19/04 20/03 20/03 25/04 10/05 10/05 17/04 02/05 10105 10/05 25/04 04/05 10/05 10/05 02/05 04/05 10/05 10/05 
' 3/04 	~ 1304 20/04 16104 25/84 13/05 24/05 24/05 0TC5 14105 24/05 24105 11105 15/05 23105 24/05 14/05 17/05 23/05 24105 
Me 	115/04 	!15/04 20/04 15/04 30/04 14/05 23/05 23/05 05/05 14/05 23/05 23/05 13/05 14/05 23/05 23/05 14/05 16/05 23/05 23/05 
Max 	19/04 	19/04 21/04 10/05 i- 13/05 27/05 03/06 03/06 20/05 27/05 03/06 03/06 20/05 27/05 03/06 03/06 27/05 27/05 03/06 03/06 
LSD 	I 	6~ 	6 1 14~- 17 9 7 7 11 8 7 7 7 7 7 7 7 8 7 7 
OULU 	Nun 	04 07/04 19/04 20/03 20/03 25/04 10/05 	 10/05 17/04 02/05 10/05 10/05 25/04 02/05 10/05 10/05 02105 04/05 10/05 10/05 
/. 
r7t 
13/0 ? 20/02 16/04 25/04 IU05 24/05 	2?/35 04/05 12105 20105 24/05 1 09/05 13105 23/05 24/05 12105 15/05 23/0S 24105 
04 15/04 20/04 15/04 30/04 10/05 23/05 	23/05 05/05 10/05 23/05 23/05 08/05 13/05 23/05 23/05 10/05 14/05 23/05 23/05 
04 19/04 21/04 10/05 • 13/05 27/05 03/06 	03/06 20/05 27/05 03/06 03/06 20/05 27/05 03/06 03/06 27/05 27/05 03/06 03/06 
SD 	6 6 1 14 - 17 10 7 	7 11 9 7 7 8 8 7 7 8 7 7 7 
RAIL-IE 	:'/tin 	07/04 	07/04 19/04 20/03 20/03 25/04 06/05 u05/05 17/04 02/05 06/05 08/05 25/04 02105 08/05 08/05 02/05 02105 08/05 08/05 
LL= 	_°_JO—^. 	':3/04 20104 16/04 25/04 11/05 21/05 21/05 04105 12105 21105 21105 09/05 13/05 21/05 21105 12/05 14/05 23105 21105 
Me 	15/04 	j15/04 20/04 15/04 - 30/04 10/05 21/05 21/05 05/05 10/05 21/05 21/05 08/05 13/05 21/05 21/05 10/05 14/05 21/05 21/05 
i Max 	119/04 	X19/04 21/04 10/05 •13/05 27/05 01/06 01/06 20/05 27/05 01/06 01/06 20/05 27/05 01/06 01/06 27/05 27/05 01/06 01/06 
6 	6 ________[SD] 1 14- 17 10 8 8 11 9 8 8 8 8 8 8 8 8 8 8 
KW—OLA 	l Min 	07/04 	07/04 07/04 21/04 	20/03 20/03 17/04 17/04 20/03 20/03 17/04 17/04 20/03 20/03 17/04 17/04 20/03 20/03 17/04 17/04 
24 	13134 	13/04 16/04 2110-0 	22/04 28/04 10/05 13105 26104 25/04 10105 11105 2504 01/08 10/95 1105 28/04 05/05 10/05 11105 
Me 	11/04 	15/05 - 17/04 21/04 	25/04 0 02/05 10/05 10/05 01/05 02/05 10/05 10/05 02/05 03/05 10/05 10/05 02105 08/05 10/05 10/05 
~ Max 	15/04 	19/04 - 26/04 21/04 	13/05 27/05 31/05 31/05 20/05 27/05 31105 31/05 20/05 27/05 31/05 31/05 27/05 27/05 31/05 31/05 
iSD 6 	6 8 - 17 23 14 14 19 23 14 14 20 21 14 14 22 20 14 14 
PIETARS. 	Ri 	Min 	 07/04 	07/04 07/04 21/04 	20/03 20/03 17/04 17/0--1 20/03 20/03 17/04 17/04 20/03 20/03 17/04 17/04 20/03 20/03 17/04 17/04 
:4 	13102 	 13104 16/04 21/04 	22/04 
1 
28/04 10/05 11/05 26/04 28/04 10/05 11105 28/04 01105 10/05 11105 25/64 05/05 10/05 11105 
ivie 	j 11/04 	X15/05 17/04 21/04 	•25/04 02/05 10/05 10/05 01/05 02/05 110/05 10/05 02105 03/05 10/05 10/05 02/05 08/05 10/05 10/05 
1M4% j15/04 	X19/04 26/04 21/04 	113/05 27/05 31/05 31/05 ! 20/05 27/05 ;31/05 31/05 20/05 27/05 31/05 31/05 27/05 27/05 31/05 31/05 
ISD 	d 	6 - 8 - 17 33 14 141 19 231 14 14 20 21 14 14 22 20 141 14 
''/1JSA 	Min I- - 27/04 15/04 05/03 05/03 05/03 15/04 05/03 05/03 05/03 14/03 05/03 05/03 05/03 14/03 05/03 05/03 05/03 
.24  - 	- - ''27/04 20/04 12/04 122/844 {26/04: 21104 112/04 22/04 26/04 12/04 13104 22104 26/04 15/04 15/04 22/04 26/04 
I Me 27/04 - 	17/04 16/04 j 24/04 04/05 17104 	119/04 24/04 04/05 15/04 20/04 24/04 04/05 16/04 20/04 24/04 04/05 
! Ma: 27/04 - 	02/05 13/05 23/05 23/05 04/05 13/05 23/05 23/05 04/05 13/05 23/05 23/05 13/05 13/05 23/05 23/05 
;SD I- I- - 7 23 24 24 9 23 24 24 17 22 24 24 20 24 24 24 
.:AS 	I\E.+! I Min - 27/04 15/04 01/03 01/03 01/03 15/04 01/03 01/03 01/03 24/03 01/03 01/03 01/03 24/03 01/03 01103 01/03 
3 27/04 22104 10104 15/04 18/04 22104 10/04 15/04 18104 18/04 11104 15/04 18/04 20/04 12/05 15104 18/04 
Me - - - 27/04 ~- 21/04 15/04 24/04 24/04 16/04 15/04 24/04 24/04 18/04 15/04 24/04 24/04 18/04 19/04 24/04 24/04 
:fax - 27/04 02J05 13/05 17/05 17/05 04/05 13/05 17/05 17/05 04/05 13/05 17/05 17/05 13/05 13/05 17/05 17/05 
SD - 8 22 24 25 10 22 24 25 15 22 24 25 17 23 24 25 
TABLE4. RESTRICTIONS TO NAVIGATION, LAST DATE OF VALIDITY, 1980181-1989190. 	 TAULUKKO 4. MERILIIKENNERAJOITUSTEN PÄÄTTYMISPÄIVÄMÄÄRÄT 198081-1989/90. 
Min= minimum. M= mean, Me= median. Max 	m SD= standard deviation, 	 Min= aikaisin, M= keskiarvo. Me= mediaan. Max= myöhäisin, SD= keskibajonta. 
Y= number of years with restrictions. += minimum cargo. 	 Y= rajoitusvuosiefl lukumå . += lastirajoiv s. 
Ice Class/jääluokk4 IA IB IC II 
Harbour/s3lama 	dwc 4000+ 	4000 	3000+ 	3000 	2000+ 	2000 	1300 	9001 	0 2000 	1300 	900 	0 2000 	1300 	900 	0 2DOO 	1300 	900 	 0 
PORI Min - 10/04 - 29/03 01/03 01103 01/03 29/03 01/03 01/03 01/03 29/04 01/03 01103 01/03 29/03 01103 01/03 01/03 
M 10/04 07104 06104 15/04 19/04 12/04 06/04 15/04 19/04 15/04 10/04 15/04 19/04 16/04 12/04 15/04 19/04 
Me - 10/04 06/04 03/04 20/04 24104 15/04 03/04 20/04 24104 15/04 15/04 20/04 24/04 15/04 15/04 20/04 24/04 
Max - 10/04 - 19/04 04/05 17/05 17/05 27/04 04/05 17/05 17/05 02/05 13/05 17/05 17/05 04/05 13/05 17/05 17/05 
SD 9 23 25 25 12 23 25 25 15 25 25 25 16 25 25 25 
(RAUMA Min - - 10/04 29/03 01/03 01/03 01/03 29/03 01/03 01/03 01/03 29/04 01/03 01/03 01/03 29/03 01/03 01/03 01/03 
M 10/04 07/04 06/04 15104 19/04 12/04 06/04 15104 19/04 15/04 10/04 15/04 19/04 16/04 12/04 15/04 19/04 
Me - 10/04 - 06/04 03/04 20/04 24104 15/04 03/04 20/04 24/04 15/04 15/04 20/04 24/04 15/04 15/04 20/04 24/04 
Max - - 10/04 - 19/04 04/05 17/05 17/05 27/04 04/05 17/05 17/05 02/05 13/05 17/05 17/05 04/05 13/05 17/05 17/05 
SD 9 23 25 25 12 23 25 25 15 25 25 25 16 25 25 25 
UUSIKAU- Min - - - - - 12/04 01/03 01/03 01103 12/04 1 01/03 01/03 01/03 03/04 01/03 01103 01/03 03/04 01103 01/03 01/03 
PUHKI 39 - - 13104 31103 06/04. 10/02 13/04 1 31/03 06104 10/04 10/04 31103 06104 10/04 10/04 31103 06/04 10/04 
Me - - 13/04 01/04 04/04 09/04 01/04 01/04 04/04 09/04 12/04 01/04 04/04 09/04 12/04 01/04 04/04 09/04 
Max - - - 15/04 15/04 13/05 13/05 15/04 15/04 13/05 13/05 15/04 15/04 13/05 13/05 15/04 15104 13/05 13/05 
SD 2 14 22 21 2 14 22 21 6 14 22 21 6 14 22 21 
NAANTALI Min - - 15/04 29/03 14/03 14/03 15/04 29/03 14/03 14/03 03/04 03/04 14/03 14/03 03/04 14/03 14/03 14/03 
M - - 15/04 05/04 06104 09/04 15/04 05104 06/04 09/04 09/04 09/04 06/04 09/04 09/04 06/04 06/04 09/04 
Me - 15/04 03/04 05/04 10/04 15/04 03/04 05/04 10/04 09/04 03/04 05/04 10/04 09/04 03/04 05/04 10/04 
Max - - - 15/04 15/04 27/04 27/04 15/04 15/04 27/04 27104 27/04 15/04 27/04 27/04 15/04 27/04 27104 27/04 
SD 8 16 15 - 8 16 15 8 8 16 15 8 16 16 15 
TURKU Min - - - 15/04 29/03 14/03 14/03 15104 29/03 14/03 14/03 03104 03/04 14/03 14/03 03/04 14/03 14/03 14/03 
m - 15104 05/04 06104 09/01 15/04 05/04 06/04 09104 09/04 09/04 06/04 09/04 09/04 06104 06104 09/04 
Me - - 15/04 03/04 05/04 10/04 15/04 03/04 05/04 10/04 09/04 03/04 05/04 10/04 09/04 03/04 05/04 10/04 
Max - - 15/04 15/04 27/04 27104 15/04 15/04 27/04 27/04 27/04 15/04 27104 27/04 15/04 27/04 27104 27/04 
SD - 8 16 15 - 8 16 15 8 8 16 15 8 16 16 15 
HANKO Min - - - 29/03 29/03 14/03 14/04 29/03 29/03 14/03 14/04 29/03 29/03 14/03 14/04 29/03 29/03 14/03 14/04 
M - - 06/04 03104 06/04 08/04 06/04 03/04 06/04 08/04 06/04 06/04 06/04 08/04 06/04 07/04 06/04 08/04 
Me - - 06/04 31/03 11/04 11104 06/04 31/03 11/04 11/04 07/04 07104 11/04 11/04 07/04 07104 11/04 11/04 
Max - y` - - 15/04 15/04 21/04 21/04 15/04 15/04 21/04 21/04 15/04 15/04 21/04 21/04 15/04 21/04 21/04 21/04 
SD ;- 12 7 14 13 12 7 14 13 9 7 14 13 9 9 14 13 
KOVERHAR Min - - - 29/03 29/03 14/03 14/04 29/03 29/03 14/03 14/04 29/03 29/03 14/03 14/04 29/03 29/03 14/03 14/04 
19 06/04 03/04 06104 08/04 06/04 03/04 06/04 08/04 06/04 06/04 06/04 08/04 06/04 07/04 06/04 08/04 
Me - - 06/04 31/03 11/04 11/04 06/04 31/03 11/04 11/04 07/04 07/04 11/04 11/04 07/04 07/04 11/04 11/04 
Max - - 15/04 15/04 21/04 21/04 15/04 15/04 21/04 21/04 15104 15/04 21/04 21/04 15/04 21/04 21/04 21/04 
SD - - 12 7 14 13 12 7 14 13 9 7 14 13 9 9 14 13 W W 
TABLE 4. RESTRICTIONS TO NAVIGATION, LAST DATE OF VALIDITY. 198O/81-1989/90. 	 TAULUKKO 4. MERILIIKENNERAIOITUSTEN PÄÄTTYMISPÄIVÄMÄÄRÄT 1 98 081-1 989/90. 	 W 
Min= minimum. M= mean. Ale= m:dian. Maz=maximum- SD= standard deviation. 	 Min= ail;aisin, M= keskiarvo. Me = mediaavi. Max= myöhöisin, SD= keskihajonta, 
Y= Dumbet of years with restrictions. += minimum cargo. 	 Y= rajoitusvuosen lukumäårå, ~= lastirajoitus. 
Ice Class/j331uokka  IA IB IC I1 
Harbour/satama 	dwt 4000+ 	4OOI 	3000+ 	30001 	2000+ 	20001 	1300 	900 	0 2000 	1300 	900 	0 2000 	1300 	9001 	0 2000 	1300 	900 	0 
INKOO 	 Min - 29103 14/03 14/03 28/03 29/03 14103 14/03 28/03 29/03 14/03 14/03 28/03 29/03 14/03 14/03 28/03 
i Yl - 04/04 O3r04 09/04 13104 05/04 03704 09104 13704 05104 O/04 09/04 13104 06/04 04107 09/04 13/04 
1 Me - 07/04 06/04 09/04 14/04 07/04 06/04 09/04 14/04 07/04 07/04 09/04 14/04 07/04 07/04 09/04 14/04 
Max - - 08/04 15/04 23/04 23/04 08/04 15/04 23/04 23/04 08/04 19/04 23/04 23/04 15/04 21/04 23/04 23/04 
SD 6 10 73 9 5 10 13 9 4 11 13 9 6 11 13 9 
~KANrVIK Min 
f- 
29/03 14/03 14/03 28/03 29/03 14103 14103 28/03 29/03 14/03 14/03 28/03 29/03 14/03 14/03 28/03 
8r - 04/04 03104 09/04 13/04 05/04 03/04 09/04 13/04 05/04 06/04 09/04 13/04 06/04 04/07 09/04 13/04 
Me - - 07/04 06/04 09/04 14/04 07/04 06/04 09/04 14/04 07/04 07/04 09/04 14/04 07/04 07/04 09/04 14/04 
Max - l- - 08/04 15/04 23/04 23/04 08/04 15/04 23104 23/04 08/04 19/04 23/04 23/04 15/04 21/04 23/04 23/04 
SD 
r
r- I- 6 10 13 9 5 10 13 9 4 11 13 9 6 11 13 9 
 HELSINKI 	Min - I i- - 29/03 14/03 14/03 08/04 29/03 14/03 14103 08/04 29/03 14/03 14/03 08/04 29/03 14/03 14/03 08/04 
M I- 04/04 03104 09104 15/04 05/04 03/04 09/04 15/04 05/04 06/04 09/04 15/04 04/04 04/07 09/04 15/04 
Me - j - 07/04 06/04 09/04 14/04 07/04 06/04 09/04 14/04 07/04 07/04 09/14 14/04 07/04 07/04 09/04 14/04 
Max {I 08/04 15/04 23/04 23/04 08/04 15/04 23/04 23/04 08/04 19/04 23/04 23/04 15/04 21/04 23/04 23/04 
SD I- 6 10 13 5 5 10 13 5 4 11 13 5 6 11 13 5 
PORVOO 	 Min - - - - 29/03 29/03 06/04 12/04 29/03 29/03 06/04 12/04 29/03 05/04 06/04 12/04 29/03 05/04 06/04 12/04 
MVI - - - 04/04 08/04 18,/00 19/04 I4104 08/04 18/04 19/04 05/04 12104 18/04 19/04 06104 13104 18/04 19/04 
Me - - 07/04 07/04 16/04 17/04 07/04 09/04 16/04 17/04 07/04 11/04 16/04 17/04 07/04 11/04 16/04 17/04 
Max - - 08/04 19/04 13/05 13/05 08/04 19/04 13/05 13/05 08/04 23/04 13/05 13/05 15/04 23/04 13/05 13/05 
!SD - - - 6 7 11 10 6 7 11 10 4 6 11 10 6 7 17 10 
'LOVIISA min t- - 29/03 06/02 06/02 06/02 24/03 06/02 06/02 06/02 29/03 06/02 06/02 06/02 29/03 06/02 06/02 06/02 
iiM - ~- - 04/04 31103 09/04 12/04 05/04 31103 09/04 12104 03/04 02104 09/04 12/04 05/04 03/04 09/04 12/04 
Me - I- - 07/04 08/04 13/04 20/04 07/04 08/04 13/04 20/04 06/04 10/04 13/04 20/04 06/04 11/04 13/04 20/04 
Maa - 	I- - - 08/04 22/04 14/05 14/05 08/04 22/04 14/05 14/05 08/04 23/04 14/05 14/05 15/04 23/04 14/05 14/05 
SD ~- 6 23 29 29 5 23 29 29 5 24 29 29 7 241 29 29 
KOTKA Min 	 - - 29/03 06/02 06/02 06/02 29/03 06/02 06/02 06/02 29/03 06/02 06/02 06/02 29/03 06/02 06/02 06/02 
M 	- - - 04/04 31103 10/04 12/04 05/04 31103 10/04 12/04 03/04 02104 10/04 12104 05/04 03/04 10/04 12/04 
Me 	- 07/04 08/04 13/04 20/04 07/04 08/04 13/04 20/04 06/04 10/04 13/04 20/04 06/04 11/04 13/04 20/04 
Max - 08/04 22/04 14/05 14/05 08/04 22/04 14/05 14/05 08/04 23/04 14/05 14/05 15/04 23/04 14/05 14/05 
SD 	 - 6 23 29 30 5 23 29 30 5 24 29 30 7 24 29 30 
HAMINA Min - 29/03 06/02 06/02 06/02 29/03 06/02 06/02 06/02 29/03 06/02 06/02 06/02 29/03 06/02 06/02 06/02 
M 	- - 04/04 31103 10/04 12/04 05/04 31103 10/04 12104 03104 02104 10/04 12/04 05/04 03/04 10/04 12/04 
Me 	l- i- 07/04 08/04 13/04 20/04 07/04 08/04 13/04 20/04 06/04 10/04 13/04 20/04 06/04 11/04 13/04 20/04 
Max - 08/04 22/04 14/05 14/05 08/04 22104 14/05 14/05 08/04 23/04 14/05 14/05 15/04 23/04 14/05 14/05 
SD 	~- ~- 6 23 29 30 5 23 29 30 5 24 29 30 7 24 29 30 
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Abstract 
Five-year monthly means of nutrient concentrations for 22 depth intervals have beem 
calculated from observations stored in ICES, I-IELCOM and other data banks. These means 
have then been used in interpolating missing data for a 1° x 1° grid covering the entire Baltic 
Sea. Finally, total amounts of nutrients were estimated for four five-year periods, from 1971 
until 1991. The results are compared to a similar study for 1971-1981 by Wulff and Rahm 
(1988). 
The amounts of nitrate and total nitrogen have increased during the whole investigation 
period in the entire Baltic Sea. The increase in phosphorus that occurred during the seventies 
has ceased in the Gulf of Bothnia but continued elsewhere. Total amounts of silicate have 
decreased in the entire area during the whole period. The regional and seasonal distributions 
of nutrients have not been altered during the investigation period. Comparisons with 
independent trend estimates confirm these results. 
Key words: nutrients, total amount, trend, seasoual variation, Baltic Sea. 
1. INTRODUCTION 
The drastic increase of nutrient loads during the last century has altered the Baltic Sea. 
One of the first signs of this change was the now more prevalent anoxic conditions in the 
deep basins of the Baltic proper (Fonselius 1969). A successive increase in the nutrient 
load to the Baltic has been estimated by Larsson & a]. (1985). They found an eight fold 
increase of phosphorus and a four fold increase of nitrogen over the last century. Corres-
ponding increases in the water phase of phosphorous and nitrogen concentrations were also 
detected early (see e.g. Matthäus 1985, Nehring & al. 1987), results that have been 
corroborated by later studies (Sandlin & al. 1991, Sanden and Rahm 1993). This has of 
course increased both the primary production and the oxygen consumption in the deeper 
layers as well. Many other effects of eutmphication of the Baltic ecosystem are now well 
documented (Elmgren 1989). There are, however, large regional differences in the Baltic 
Sea. While the Botbnian Bay is still oligotrophic and the primary production is phosphorus 
limited, the Baltic proper is eutrophic and nitrogen limited. In the Kattegat-Belt area one 
approaches more marine conditions and signs of silicate limitation add to the predominant 
nitrogen limitation. 
An analysis of the causes and consequences of these conditions are, however, difficult 
to carry out because of the large interaitnual variations in meteorological forcing, deep 
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water inflows and nutrient loading just to mention a few causes. One prerequisite for any 
attempt to analyse this ecosystem is a general spatiotemporal description of the changes in 
nutrient concentrations of the Baltic Sea. International assessments have been carried out 
within the Helsinki Commission (Nehring & al. 1990) based on time series from single 
stations in the Baltic. However, a quantitative assessment of the relationships between 
loads of nutrients, total amounts in the system, exports and imports, internal sinks and 
sources is needed in order to understand how the system will change in relation to future 
management strategies. The large data sets available for the Baltic Sea provide an excellent 
opportunity to develop such an approach (Wulff 1990). A first attempt was made by Wulff 
and Rahm (1988) when they calculated total amounts of nutrients for the different 
subbasins of the Baltic Sea during two periods; 1972-1976 and 1977-1981. They were able 
to show that both inorganic and total nitrogen increased in time while silicate decreased. 
However, neither phosphate nor total phosphorus showed any significant changes. Basic 
features such as the magnitudes of seasonal and regional variations were also obtained. 
These results were used by Wulff and Stigebrandt (1989) in an empirical box model 
describing nutrient conditions (N, P, Si) in Ilie Baltic in relation to changes in load during 
the last 50 years. These studies demonstrate the long residence times of nutrients in the 
system and it is therefore essential that analyses of the nutrient dynamics of the Baltic cover 
several decades in order to detect long-term trends and effects of external perturbations, 
man-made or natural. 
The aim of this work is to extend the calculations mentioned above to also cover two 
additional five year periods; 1982-1986 and 1987-1991. 
2. DATA 
Hydrographical and chemical observations made by the Baltic Sea countries and 
reported to the data banks of ICES and HELCOM (in Copenhagen and Helsinki respecti-
vely), as well as other observations not hitherto reported to one of these data banks, have 
been collected in a common database; BED (Wulff and Rahm 1990). Quality control of 
these data identified numerous questionable or erroneous observations that were excluded 
from the calculations. Special attention was paid to coastal observations close to possible 
point sources. 
3. METHODS 
The numerical schemes are identical to those presented earlier by Wulff and Rahm 
(1988). The calculations are based on five-year monthly means over the periods 1982-1986 
and 1987-1991. These means are obtained by averaging over all observations available in 
the data bank and resolved into a 1° x 1° longitude-latitude grid for 22 depth intervals. The 
Baltic Sea is then partitioned into subbasins (see the map, Fig. 1). Each basin is also divided 
vertically by a "halocline" since the biogeochemical conditions differ substantially from 
the surface layers to the deep ones. This resolution prevents extrapolations of surface 
concentrations into the deep layers or vice versa in the case of no data in the corresponding 
layers. 
Skagerrak and Kattegat have been included into this study in order to describe 
large-scale seasonal and regional variations of surface concentrations. However, these 
basins are characterized by large regional gradients and often very short residence times 
(months) of the water masses, due to a large exchange of water between both the North 
Sea and the Baltic proper. Thus, calculations of total amounts using a coarse spatio-tem- 
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poral resolution are not well suited for these basins, compared to the other basins, where 
the residence times of water and nutrients are much longer (Wulff and Stigebrandt 1989). 
Fig. 1. Map of the Baltic Sea showing the division inlo snbbasins used in the interpolation scheme. (BB=Bothgiian 
Bay, BS=Bothnian Sea, GF=Gulf of Finland, NC=North Central Basin, WG=Western Gotland Basin, EG=East-
ern Gotland Basin, BH=Bornholm Basin, AR=Arkona, KA=Kattegat and SK=Skagerrak) 
The actual interpolation procedure is based on a piece-wise linear interpolation 
between the computation cells while extrapolations prescribe the concentration of the 
closest lying cell up to the subbasin border. No interpolation was allowed between 
subbasins. The interpolation starts with a vertical interpolation above and below the 
prescribed "haloctine" in those 1° x 1° columns with observations. Interpolations in first 
latitudinal and then longitudinal directions follow. Lack of data or rejection of questionable 
observations prevents a complete description of the concentration distribution for all 
nutrients for all periods and all months. Finally, the concentration matrices obtained are 
combined with a similarly structured volume database (based on 5' x 5' resolution, see 
Stigebrandt and Wulff 1987) to get the total amounts. 
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4. TRENDS 
The present calculations are, as mentioned above, combined with the previous results 
(Wulff and Rahm 1988) to get a more comprehensive picture of the ecosystem dynamics. 
The results are presented by basin in Tables 1-3. 
4.1. The Bothnian Bay 
The numbers of observations are relatively few in this subbasin which results in some 
months without any observations at all and others with only very few. This is especially 
the case for the winter months when a severe ice cover hampers monitoring work (Table 
1). Nevertheless, available estimates show that total amounts of both NO3 and Ntot increase 
over the whole period 1972-1991, see also Fig. 2a,b. The phosphate concentrations are 
very low hence the total amount calculations become rather uncertain. In fact, 6000 tons 
of PO4-P corresponds to concentrations below 0.1 µM, i.e. close to the analytical detection 
limit. Ptot exhibits a scattered picture (Fig. 2c) with decreasing values in March but 
otherwise only slightly increasing tendencies over the two decades. The decreases in 
silicate during the first two periods are temporarily shifted to a slight increase during the 
next period (Fig. 2d) whereafter tendencies towards decreasing amounts are again discern-
ible. 
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Fig. 2. Total amounts of a) NOS, b) Nior, c) Pta and d) Si for the four five year periods and some different months 
in the Bottmiau Bay. 
lut 
Table 1. Bothuian Bay: Total amounts in 1000 metric tons (--- indicates periods with too few data while *** 
denotes censured data). 




Jan. --- --- --- --- --- 
--- --- --- --- 21 
Feb. --- --- --- --- --- 
___________ 220 4 544 4 11 
Mars --- --- --- --- --- 
131 10 499 6 21 1389 
165 3 559 4 12 1313 
216 9 532 4 11 1052 
April --- --- --- --- --- 
___________ 215 9 534 7 21 1585 
May 108 24 423 4 13 1467 
110 7 533 8 23 1192 
131 10 528 7 19 1429 
145 8 576 4 19 1347 
June 87 29 --- 12 --- 
112 7 489 14 17 1207 
134 7 541 5 20 1387 
152 16 525 4 15 1475 
July 80 22 452 7 13 1347 
107 --- 507 6 19 838 
133 21 498 2 10 1328 
Aug. 75 17 473 6 12 1396 
96 12 460 5 15 1202 
127 7 492 6 15 1256 
112 14 519 4 16 1 	1267 
Sept. 88 20 373 4 16 1518 
118 8 552 
--- 
3 15 1378 
147 14 487 2 9 1339 
Oct. --- --- --- --- --- 
108 9 454 3 15 1158 
131 10 516 6 17 1194 
158 13 506 3 35 1385 
Nov. 123 23 423 5 15 1224 
117 12 458 4 13 1158 
144 12 503 8 19 1311 
138 12 524 5 16 1267 
Dec. 131 15 559 7 15 1364 
183 --- 563 11 26 
172 8 525 4 14 1399 
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4.2. The Bothnian Sea 
Generally increasing trends over the two decades are found for NO3 and Ntot (Table 
2) though decreases occur during the last period except for some winter months (Fig. 3a,b). 
The relative change is most pronounced for nitrate. 
The concentrations of all nutrients are well above the detection limits in this basin 
except for a few observations of ammonia. While Ptot (Fig. 3d) generally increases during 
the investigation period with only a tendency to a decrease during the last period, PO4 (Fig. 
3c) shows a more complex picture with no distinct seasonal trends. Silicate, on the other 
band, is generally decreasing even if a slight increase occurs during 1982-1986 (Fig. 3e). 
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Fig. 3. Total amounts of a) NO3, b) Nios, c) PO4, d) Ptoi and e) Si for the four five year periods and some different 
months in the Bothnian Sea- 
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Table 2. Bothnian Sea: Total amounts in 1000 metric tons (--- indicates periods with too few data while *** 
denotes censured data). 




Jan. --- --- --- --- --- 













Feb. --- --- --- --- --- 
181 37 1039 39 65 2142 
204 17 1175 37 65 2425 
281 31 983 38 60 --- 
Mars --- --- --- --- --- 
164 35 1006 31 56 2231 
252 10 1205 40 67 2175 
289 12 1170 41 66 1905 
April --- --- --- --- --- 
184 16 1006 35 61 2222 
141 --- 1122 34 86 --- 
248 13 1186 31 66 2104 
May 52 58 871 32 38 2488 
74 16 988 22 52 1692 
115 17 1047 27 66 2024 
89 28 1134 17 61 1535 
June 27 43 763 15 38 2194 
59 22 905 16 47 1620 
121 19 1111 26 72 2040 
84 18 1079 16 54 1371 
July 39 35 831 21 37 1937 
--- -- --- -- 1996 
108 12 1071 26 60 1560 
112 30 928 14 42 1060 
Aug. 53 27 905 29 45 2141 
88 21 912 23 49 1773 
133 10 1126 27 53 1821 
103 *** 1088 19 52 1381 
Sept. 54 36 975 15 37 1882 
120 18 925 26 60 1667 
138 9 1121 28 60 1771 
119 14 1050 21 51 1421 
Oct. --- --- --- --- --- --- 
122 10 892 21 49 1629 
168 19 1082 37 66 2096 
123 18 1018 31 69 1068 
Nov. 114 27 847 29 41 2001 
127 16 903 28 50 1790 
171 17 1013 37 64 2078 
191 13 1066 31 61 1855 
Dec. 125 39 1196 36 60 2711 
143 19 938 56 78 2259 
226 8 1187 45 77 --- 
206 12 1085 37 55 1642 
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4.3. The Baltic proper 
The Baltic proper is divided into five subbasins, only the Gulf of Riga is omitted due 
to lack of data (see also Fig. 1). Total amounts are not calculated if one of these subbasins 
is missing (see Table 3). Nitrate increases over the entire investigation period though it 
levels out or even decreases slightly during the last period (see Fig. 4a). Ntot has a more 
monotone increase (Fig. 4b) though a local minimum is found for some summer months 
during 1982-1986. 
PO4 and Ptot show increasing total amounts for the winter months over the whole 
investigation period (Fig. 4c,d) while the other analysed months have decreasing amounts 
during the last period. Silicate is, on the other hand, generally decreasing with only a slight 
increase during the second last period (Fig. 4e). 
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Fig. 4. Total amounts of a) NO3, b) Nios,  c) POa,  d) P101 and e) Si for the four five year periods and some different 
months in the Baltic proper. 
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Table 3. Baltic proper: Total amounts in 1000 metric tons (--- indicates periods with too few data while *** 
denotes censured data). 




Jan. --- --- --- --- --- 
725 91 3901 391 489 9336 
952 --- --- 453 --- --- 
875 85 4865 481 525 7470 













Mars 553 150 --- 356 455 8810 
900 57 3814 440 564 9666 
987 83 4055 458 577 9455 
1080 *** --- 483 744 5978 
April --- --- --- -- 












May 156 139 3058 287 391 8114 
363 61 3672 295 457 5853 
448 128 3503 337 454 7599 
395 112 4227 333 466 6395 
June 136 125 3531 267 328 --- 
315 131 3787 278 448 6081 
392 152 3498 319 470 6901 
303 --- --- 215 4601 


















Aug. 184 112 --- --- --- 
320 93 3797 291 414 6680 
409 204 3963 365 523 7119 
383 130 4064 330 470 6533 
Sept. 188 143 2622 --- 468 --- 






























Nov. 396 100 --- 347 --- 9448 
514 137 3777 363 476 8204 
581 172 3713 376 509 8628 
534 93 4284 359 488 
Dec. --- --- --- --- --- 
784 --- 4354 375 570 
5. REGIONAL DISTRIBUTIONS 
In Wulff and Kahm (1988) the large-scale distributions of interpolated monthly means 
of surface concentrations (0-5 m) were shown for some months representing the period 
1977-1981. This analysis was repeated for the period 1987-1991. Though the result is a 
by-productof the interpolation and calculation of total amounts, it is still of interest to show 
the surface distributions but for a decade later. The latter with respect to the potentially 
rapid changes that may occur in the Baltic system. Skagerrak and Kattegat have now been 
included in order to show the magnitude of the surface concentration in these areas. 
Five months with a reasonable observation coverage are presented here; March, April, 
May, August and November. 
5.1 Nitrate 
The highest nitrate concentrations (Fig. 5) are found in the Bothnian Bay and the Gulf 
of Finland in March (8-9 µm) which are double the surface concentration in the Baltic 
proper (=4 pun). Despite the increasing nitrate concentrations over the investigation period 
they are still well below those in Skagerrak that reflect North Sea conditions. The nitrate 
storage is exhausted in May in the whole area due to the spring bloom except in the 
Bothnian Bay. Though the concentrations in the Bothnian Bay are at a minimun in August 
it is never completely used up and excessive nitrogen remains in this oligotrophic phospho-
rus limited system. The winter pool of nitrate is completely exhausted after the spring 
bloom in the other nitrogen limited basins. A winter time recovery is also suggested in the 
November chart. 
5.2 Phosphate 
A latitudinal gradient is present over the whole year for phosphate with the lowest 
concentrations in the Bothnian Bay (Fig. 6). This gradient is even extending into Skagerrak 
during winter. The concentrations are always close to the detection limit in the Bothnian 
Bay. The highest concentrations are found in Skagerrak and in the Gulf of Finland in March. 
The seasonal variation due to primary production, recycling and input is evident. 
5.3 Silicate 
Silicate distributions clearly reflect the differences in freshwater supply and primary 
production in the different subbasins (Fig. 7). The seasonal variation due to the spring 
diatom bloom is evident. Even it's early start in Skagerrak in April to the late bloom in the 
Bothnian Bay is visible. The lowest levels after the bloom are found in the highly 
productive Skagerrak and Gulf of Finland, while the pool is not used up in the oligotrophic 
Bothnian Bay, where also large amounts are added by the fresh water supply. 
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different months in the Baltic Sea, the Kattegat 
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The previously observed increase in nitrogen compounds in the entire Baltic Sea 
continues during the 80's. The increase of phosphorus in the 70's has ceased in the Gulf 
of Bothnia but continues in the Baltic proper during the 80's. The previously reported 
decreasing trends of silicate are temporarily arrested in the beginning of the 80's. In fact, 
there is a common tendency to a temporary increase in total amounts during the first part 
of the 80's, something that coincides with a maximum in the total freshwater supply (Fig. 
8) to the Baltic Sea as reported by Carlsson (1992). Sanden and Rahm (1992) found a 
similar behaviour with an increase in PO4 concentrations during the first half of the 80's, 
whereafter a slow decrease seems to start. This pattern was most pronounced in the western 
part of the Baltic proper. (These trends were obtained by use of a non-parametric statistical 
test for non-monotone trends applied to single time series in the Baltic proper). A large 
freshwater supply will increase the load of nutrients, particularly of nitrogen and silicate. 
However, an investigation of causality must wait until other factors can be judged properly, 
in quantitative terms. One important unanswered issue is the effect on internal nutrient 
recycling of the very long and still ongoing stagnation period of the deep waters of the 
Baltic proper that started in 1977. 
20 
1950 1955 1960 1965 1970 1975 1980 1985 1990 
Year 
Figure 8. Total freshwater supply to the Baltic Sea [ l03 m3/s] during the period 1950-1990 [after B. Carlsson, 
19921. 
The winter time silicate trends observed in the present work correspond well with the 
monotone trends for surface values estimated by Sanden & al. (1991) for the same areas 
and roughly the same period, i.e. an annual decrease of 3-4 %. The Bothnian Sea is the 
only exception. Here Sanden & al. (1991) reported trends twice the present values (=2 %). 
Note however that they calculated trends for single stations and depth intervals which 
makes a direct comparison difficult. 
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The agreement between the present estimates of NO3, Nrot, PO4 and P oi trends on 
total amounts (based on winter values) and the trends in winter surface concentrations (0-30 
in) presented by Sanden and Rabm (1993) is generally satisfactory for the Baltic proper 
and the Bothnian Sea. While the present work indicates an annual increase of nitrate in the 
order of 4-5 %, based on end-point data, their results indicate an increase of only a few 
percent in the surface concentration at most stations investigated in the Baltic proper, while 
higher values are reported for deeper layers. The present silicate trend in the Bothnian Sea 
(= 2 %) is abouthalf those reported by Sanden & al. (1991). The complex conditions within 
the Baltic proper, with large anoxic regions, makes the above superficial comparison 
difficult to carry out. 
The Bothnian Bay, on the other hand, does not show such a good agreement between 
the two studies, especially for the phosphorus compounds. This might reflect the uncer-
tainties in the observations for this region and the calculations already mentioned above. 
Unfortunately it is very difficult to pt a measure of the statistical uncertainty in these 
calculations of total amounts. 
The regional and seasonal distribution patterns of nitrate, phosphate and silicate follow 
that of the previous study, the only marked differences are the lack of extreme values in 
the south-western part of the Bothnian Sea and in some areas in the Gulf of Pinland. These 
differences depend probably on the omittance of stations close to potential "hot spots" and 
additional discoveries of questionable data sets. Skagerrak and Kattegat are now also 
included and they show high winter concentrations of nitrate, phosphate and, but to a lesser 
degree, silicate. Although the Baltic has undergone major changes, it has changed from an 
oligotrophic to a moderately eutropluc state (Larsson & al. 1985, Elmgren 1989), it is still 
less productive than the North Sea. 
The effects of nitrogen limitation of primary production in the Baltic proper and by 
phosphorus in the Bothnian Bay are also evident in this study. Though the silicate pool 
decreases during the summer months, it never becomes completely depleted, except 
perhaps in the southern Baltic. 
To conclude, the regional and seasonal distribution of surface layer nutrients found in 
Wulff and Ralim (1988) for 1971-1981 is qualitatively unaltered during 1987-1991. The 
trends found generally follow those presented in the previous study. Moreover, the trends 
estimated for total amounts are of the same order of magnitude as those presented in Sanden 
& al. (1991) and Sanden and Ralim (1993). Nehring & al. (1990) have also obtained trends 
in consort with those reported above. Hence it seems to he a co-census of the overall nutrient 
changes in the Baltic Sea during the last two decades, both in terms of total amounts and 
for concentrations in the upper water layer at central stations in the basins. This is of 
importance for the ongoing studies on the consequences of a eutrophication of the Baltic 
Sea, particularly for the development of models describing the relationships between 
external loads and internal mechanisms controlling the concentrations. Such an under-
standing is essential for the planned restoration of the Baltic Sea to the conditions of the 
1950's that has been initiated by the Baltic countries (HELCOM 1991, Wulff and Niemi 
1992). 
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TEMPERATURE AND SALINITY STATISTICS FOR THE NORTHERN 
BALTIC SEA 1961 - 1990 
Jari Haapala and Pekka Alenius 
Finnish Institute of Marine Research 
Box 33, FIN-00931 Helsinki, Finland 
Abstract 
This paper presents the mean annual cowse of hydrographic quantities, temperature, 
salinity and density, in the Northern Baltic Sea during the meteorological normal period 
1961-1990. The tables give the mean, standard deviation, maximum and minimum values 
for seven Finnish fixed coastal stations and 12 HELCOM open sea monitoring stations. There 
are also figures showing TS-diagrams for each station. Hydrographic features are summari-
zed and a short historical review of the measurement programme is given. 
Key words: Hydrography, statistics, history, Baltic Sea_ 
1. INTRODUCTION 
Several authors have published statistics of hydrography for the Baltic Sea since 
systematic hydrographic research began: the first were Witting (1912) and Granqvist 
(1938). Lenz ( 197 1) published a comprehensive atlas on Baltic Sea temperatures and Bock 
(1971) did the same for salinity. In more recent statistical studies the calculation periods 
have varied, but they have not been the same as any meteorological normal period. 
Pieti.käinen & al. (1978) calculated statistics for Lite Gulf of Bothnia for the period 
1962-1975. Perttilä & al. (1980) did a similar study for the period 1962-1978 for the Gulf 
of Finland. Alenius and Leppäranta (1982) and Leppirarsta & Alenius (1984) calculated 
statistics for some selected stations in the Northern Baltic Sea using the CID-data of 
1977-1981. Wulff & al. (1987) produced extensive statistics for the whole Baltic Sea for 
two separate periods: 1972-1976 and 1977-1981. 
The aim of this study is to give some statistical characteristics of temperature and 
salinity in the Northern Baltic. The quantities have been calculated for the period 
1961-1990 with a few exceptions. The minimum and maximum observed values of the sea 
surface temperature (SST) are also given for the whole measurement period in order to get 
more coverage of the extreme cases. The mean salinities of the open sea stations have been 
calculated only for the period 1977-1990 because of lack of earlier winter observations. 
The results are given in tables and figures with a short discussion in chapter 6. We also 
want to briefly present the history of hydrographic research in Finland, because all those 
investigations are the basis of this study. In addition, a detailed description of the data 
programme is essential for long term climate studies and this has not been done since 
Grangvist's (1938) work. 
2. HISTORICAL BACKGROUND 
The Baltic Sea has been subject to intensive oceanographic research during almost the 
whole instrumental era. The first water temperature measurements in the Baltic Sea were 
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made in the 1770's (Wilcke 1771, Bladh 1776). Systematic hydrographic measurements 
began in Germany in 1868 (Mayer 1871), in Denmark in 1876 and in Sweden in 1879 
(Hom6n 1907). 
In Finland S.G. Elmgren (1891), an associate librarian of Helsinki University and a 
member of the meteorological committee of the Society of Sciences, made the first 
systematic sea temperature measurements. He made daily sea surface temperature 
measurements on the small island of Munkholm, 15 km SW from Helsinki, during summer 
vacations. These measurements cover the summer season (6 June - 31 August) of the years 
1871-1890. Elmgren classified the data to warm, normal and cold summers and concluded 
that there is no periodicity in the year-to-year variability. 
The first Finnish hydrographic expedition to the Baltic Sea took place in the summer 
1887 (Nordqvist 1887). The number of soundings during the cruise was altogether 191 at 
44 different stations. As a result of the expedition Nordqvist (1887) published the first 
temperature cross-section covering the whole Gulf of Bothnia. 
At the end of the 19th century two authors published independent studies on sea 
temperature and salinity. A.O.A. Heinrichs (1895) measured temperature and salinity three 
times a day in Hanko between 16 June and 15 September during the years 1889-1894. In 
the Archipelago Sea P.Hj. Olsson (1900) made hydrographic measurements and 
meteorological and sea bottom quality observations in the summers 1896 and 1897. The 
total number of his water samples was 321. 
Regular hydrographic research in Finland began in 1898 (see Fig. 1.). Otto Pettersson, 
a Swedish professor of chemistry, and Martin Knudsen, a Danish physicist, proposed to 
Theodor Hom6n, a Finnish professor of applied physics, in July 1898 that Finland should 
join the hydrographic research of the Baltic Sea (IIomen 1907). They decided to arrange 
contemporaneous hydrographic cruises four times a year, in February, May, August and 
November. The first sounding took place off Helsinki in August 1898. Finland was one of 
the charter members in 1902 in founding the International Council for the Exploration of 
the Sea (ICES). At the same time Finland took responsibility for the Baltic Sea areas north 
of 59°N (Mälkki 1990). 
A hydrographic station network along the Finnish coasts began work in 1899. The 
network was based on coastal stations and lightships. In 1900 the amount of stations was 
12 and in the 1930's more than 32. Presently only seven stations are working, two of which 
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Fig. 1. Temporal coverage of the Finnish hydrographic measurements; a) Elmgren 1891, b) Nordqvist (1887), 
c) Heinrichs (1895), d) Olsson (1900), e) Regular cruises and f) Fixed stations. 
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The regular measurement programme made extensive hydrographic studies possible. 
Rolf Witting (1908) made a doctoral thesis on the current field and water level variability 
in the Gulf of Bothnia. He also gave the first climatological description of the temperature 
and salinity features of the Gulf of Bothnia. Gehrke (1909) determined the annual cycle of 
the sea temperature in the Gulf of Finland. In 1912 Witting published a hydrographic atlas 
that covered the whole Northern Baltic Sea. The atlas also included tables of oxygen 
content, water level variations, tidal components and the colour and turbidity of the sea 
water. 
3. MEASUREMENT PROGRAMME 
3.1. Coastal observations 
The measurement programme of the fixed coastal stations (Fig. 2, Table 1) had a 
regular basis from the very beginning and ithas remained the same throughout the century. 
The programme has included sea surface temperature measurements at least once a day 
and salinity measurements every fifth day. Depth observations from the standard depths 
(0, 5, 10, 15, 20, 30, 40 m ...) three times a month form another branch of the measurement 
programme. The nominal observation dates have been the 1st, 11th, and 21st day of each 
month all year round. For reason of unfavourable weather, the real observation dates vary 
around the nominal dates and winter time observations are often missing. The lightships 
(Table 2), with hydrographic measurements, operated only during the ice-free seasons. 
Fig. 2. the location of the Finrush fixed hydrographic stations and lightships. 
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Table 1. The location, depth and operation time of the Finnish fixed hydrographic stations 
FIXED HYDROGRAPHIC STATIONS 
Station latitude longitude depth (m) operation time 
1 Krunnit 65°22'40" 24°53'5tY' 25 1968 - 
3 Virpiniemi 65°07' 25°12' 15 1968- 1972 
4 Marjaniemi 65°00'39" 24°29'35" 8 1920 - 1950 
6 Ulkokalla 64°19'55" 23°27'0O" 20 1907 - 1976 
7 Tankar 63°57' 22°51' to 1919- 1965 
8 Märaskär 63°53'27" 22°58'15" 15 1966 - 1973 
10 Valassaaret 63°23'37" 21°0500" 18 1919 - 1985 
12 Norrskär 63°17'08" 20°36'00" 40 1919- 1987 
14 Sälgrund 60°20' 21°l1' 20 1919- 1948 
15 Säppi 61°29' 21°21 24 1906 - 1962 
17 Isokari 60°43' 21°01' 20 1919- 1942 
18 Säggö 60°25'52" 20°03'35" 50 1955- 1978 
20 Märket 60°18'40" 19°09'001' 100 1907 - 1970 
21 Långskär 59°51' 19°55' 80 1921- 1961 
22 Bogskär 59°31' 20°23' 170 1899- 1914 
23 Kökar 59°55' 20°51' 60 1951 - 1974 
24 Utö 59°46'58" 21°20'58" 90 1900- 
25 Jungfruskär 60°08'32" 24°29'35" 40 1920 - 1966 
26 Kumliuge 60°15' 19045'* 50 1968 - 1979 
27 Seili 60°15'15" 21°57'30" 40 1966- 
28 Lohm 60°06'41" 21°41'39" 50 1920- 1969 
29 Bengtskär 59°43'24" 22°30'20" 40 1920 - 1968 
30 Russarö 59°43'24" 22°57'00" 30 1900 - 1971 
31A Tvärminwe A 59°51'00" 23°15'09" 30 1926- 
31B Tvärminne B 59°51'30" 23°15'01" 2.5 1956- 
32 Kallbådan 59°52' 24°19' 40 1924 - 1944 
33 Porkkala 59°56' 24°25' 30 1899-1923 
34 Harmaja 60°06'10" 24°54'46" 30 1900- 
36 Söderskär 60°07' 25°25' 50 1913 - 1957 
38 Orrengrund 60°17' 26°26' 60 1967- 
39 Suwsaari 60°06' 26°57' 60 1913 - 1944 
40 Haapasaari 60°17' 27°12' 30 1920- 1947 
41 Tammio 60°24' 27°26' 20 1920- 1968 
42 Santio 60°23'20" 27°39'20" 40 1970- 
43 Someri 60°12' 27°39' 50 1920- 1939 
44 Martiissaari 60°28' 27°46' 25 1920- 1940 
45 VirtanienLi 60021' 28°38' 25 1932 - 1939 
47 Seiviistö 60°11' 29°02' 20 1920- 1939 
* Information of the exact measurement position is missing 
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Table 2. The location, depth and operation time of the Finnish lightship stations. 
LIGHT VESSELS 
Station latitude longitude depth (m) operation time 
2 Kemi 65°21' 24°21' 10 1900- 1971 
5 Nahkiainen 64°38' 23°51' 25 1900- 1956 
9 Helsingkallan 63°37' 21'49' 28 1900 - 1932 
1 Snipan 63°26' 20°40 23 1900- 1960 
13 Storkallegruud 62°40' 20°39' 30 1900- 1956 
16 Rauma 61°07' 21°04' 20 1900- 1953 
19 Storbrouen 60026' 19°13' 25 1908- 1958 
35 Helsinki 59°56' 24°58' 40 1900- 1959 
37 Kallbådagnmd 59058' 25°36' 30 1921 - 1953 
46 Werkkomatala 60°17' 28°46' 30 1900- 1931 
48 Taipaleenluoto 60036' 30°46' 15 1908 - 1938 
The sea water temperature was the only measured variable in the first years. Salinity 
observations began at some stations in 1904. The lightships also made meteorological and 
current measurements. 
The annual amount of depth soundings was more than 300 before World War I. During 
the war most of the stations stopped work. Six of them continued to operate, but only two 
were working quite regularly. A reestablished station network with 33 stations began to 
work in the 1920's. The number of the annual soundings was 800-1000 (Fig. 3a). World 
War II did not have such a dramatic effect on the measuring programme as the previous 
war. Only the stations in the Gulf of Finland stopped working. After the war Finland lost 
seven stations with the cession of territory. The period 1950-1980 was unfortunate for the 
measurement programme because many of the stations stopped work: the lightships were 
no longer needed and a decrease of the permanent population in the outer archipelago made 
it difficult to get observers (see Figs. 4 and 5). The current number of stations is seven and 
the annual amount of soundings is around 250. The local observers still perform their 
valuable measurements. Automatization has not yet reached the fixed oceanographic 
stations. 
3.2. Open sea observations 
Open sea observations are highly irregular in space and time, but there are still some 
stations that have regularly produced data since 1898. The main gaps are due to the World 
Wars. During the wars it was impossible to conduct research cruises. After W.W.II, the 
Finnish research vessel was part of the war indemnity to the Soviet Union. A new research 
vessel was built in 1954 and the research cruises in the open sea continued from then. 
Reversible thermometers and water samplers were standard methods for temperature 
and salinity soundings till the mid 1970's. With the slow sampling method and cruising 
mainly in summer, the annual amount of soundings was around 100-200 (Fig. 3b). The use 
of the bathythermograf since the 1960's increased the annual amount of the temperature 
profiles. The major progress in data acquisition in the Finnish Institute of Marine Research 
(FHMR) occurred in 1977 with the CTD-sonde for measuring temperature and salinity 
profiles. Almost at the same time it was also possible to extend the cruises to cover all the 
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Fig. 3. The annual amount of observations (a) in the fixed stations and lightships and (b) from research ves-
sels. 
4. QUALITY CONTROL AND METHODS OF ANALYSIS 
For this study we checked the hydrographic data archives of the FIMR thoroughly 
with quality control in three phases. The first phase was a stability check of the sounding 
profiles by an automatic procedure to detect major outliers both in space and time. The 
water density computation followed the standard density formula (UNESCO 1981). Each 
data value was compared to the earlier and later values at the same depth and to the values 
above and below at the same profile. The data values were considered questionable, if they 
fulfilled the following conditions: 1). density and/or salinity decreases downwards, 2). 
temperature difference is greater than 5°C and salinity difference is greater than 1.0 PSU 
between successive measurements, and 3). vertical temperature difference is greater than 
4°C and salinity difference is greater than 1 PSU. 
We then verified all the outliers manually from the original data sheets. If the digitizing 
process had generated the error, we replaced the erroneous value with the original. 
The second phase was a visual check. The procedure was to plot all the single values 
of a variable on the computer screen simultaneously x-axis being the day of year and y-axis 
the value of the variable. Such a figure is an annual envelope cloud for the chosen variable. 
This method allows a quick look at the data and clearly shows small outliers too. Again 
we checked the suspected values from the original data sheets. 
56 
57 
1900 	1920 	1940 	1960 	1980 
Fig. 4. Temporal coverage of the coastal fixed stations. Numbers refer to Table 1 and the map in Fig. 2. The 
shaded area describes (he normal period of 1961-90 and (he arrows indicate the stations used in this analysis. 
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Fig. 5. Temporal coverage of the lightships. Numbers refer to Table 2 and the map in Fig. 2. 
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The third stage was a homogeneity test of the time series. We used a simple difference 
analysis, not a real homogeneity test as e.g. Alexandersson & Eriksson (1989) and 
Hansen-Bauer & al. (1991) because our interest was only to check the quality of the data, 
not to correct the biased values. We compared the time series of the neighboring stations 
and computed the differences of the monthly means. If the difference remained stationary 
during the whole time series, we considered the data to be unbiased. A non-constant 
difference indicated bias in one of the time series in comparison. There are several reasons 
that can cause such bias. Among them are changes of observation time and location, 
changes of instruments and local environmental effects. 
Although the measurements cover in principle the whole year, the summer values have 
in practice the largest weight in the data series because many more values are missing from 
the winter season. This generates two sources of bias in the statistical calculations. First, 
the winter statistics have been calculated from a more limited population. This, however, 
seems to be no major problem, because the natural variability of the sea temperature in 
winter is much smaller than in summer. The freezing point is in any case the lower limit 
for the possible water temperature values. 
The second problem arises in data filtering. The large weight of summer values makes 
the filtered curve closely follow the summer values, but it can cause even large errors in 
winter time values. To avoid these errors, we filtered the original time series first by 
computing the mean values for every nominal observation date (1st, 11th or 21st day of 
month). After the filtering, the curves were already quite smooth, but still somewhat 
affected by single extreme values because of the limited number of observations. Being a 
first approximation, the annual cycle of the hydrographic variables is a smooth process, so 
we subjected the mean curve to harmonic analysis. We constructed the final curve by using 
three components of the Fourier series (to be comparable to those in Granqvist (1938)), 
which represent over 90 % of the variance of the mean annual temperature cycle. 
However, the maximum and minimum curves include all the available data from each 
station, not only data from the normal period 1961-1990. These curves represent single 
values for each day independent of the observation year; they do not represent any 
realization of a single extreme year. The extreme values are often a consequence of certain 
physical processes. In very favourable conditions with calm sunny weather in summer, a 
thin surface layer can warm considerably for a short tune; such an observation date gives 
an exceptional maximum temperature. The extreme minimum values during the summer 
follow from a short period of intense upwelling and mixing events. Note that the extreme 
values are not directly comparable between separate stations because of the different 
periods of observations and sampling intervals. The SST statistics of Harmaja are based 
on daily measurements. From the other stations only 10 day interval data were available. 
5. OPEN SEA OBSERVATIONS 
For the open sea analysis we selected 12 representative HELCOM monitoring stations 
(Table 3) as the basis. As there was a limited amount of data from each station, we expanded 
the area around the stations to obtain more data for the analysis. In doing so, the essential 
question was how large are homogeneous sea areas in a climatological sense, so that the 
horizontal differences do not disturb the calculations of the average values of the variables. 
The basins have their own hydrographic characteristics and inside the basins the water 
masses have a large spatial variability; e.g., the coastal and open sea waters have 
recognizable differences. The horizontal salinity gradient is predominant in the bays. To 
investigate the optimal size of the selection area around the sampling sites, we made the 
following analysis. 
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Table 3. The location, depth and operation time of the HELCOM monitoring stations 
OPEN SEA STATIONS 
number of observations 
Station latitude longitude depth (m) 
DJF MAM JJA SON 
F2 65°23.5' 23°30.0' 86 3 16 95 93 
B03 64°18.3 22°33.7' 70 38 18 105 141 
US5B 62°35.l' 19°58.5' 210 52 43 143 149 
SR5 61005.0' 19°35.0' 120 44 46 126 147 
F64 600 11.5' 19°09.0' 290 5 24 90 29 
1U6 59°56.0' 21°13.0' 118 34 14 38 16 
LL3A 60°04.4' 26°20.5' 65 17 126 126 34 
LL7 59°50.5' 24°50.3' 90 43 116 254 91 
LL11 59°35.0' 23°18.0' 67 39 127 329 131 
BY28 59°02.0' 21°05.0' 166 3 43 87 27 
BY31 58°35.0' 18°14.0' 450 0 9 40 5 
BY15 57°20.0' 20003.0' 230 0 41 100 15 
The station MS7 (Fig. 6) in the middle of the Bothnian Sea was chosen as an example. 
We first selected all the data inside a 15' x 30' latitude-longitude rectangle centreed to it, 
then we expanded the size of the rectangle in several steps to 2°x4°. TS-diagrams of the 
different area sizes (Fig. 6) clearly show that the two largest areas (2°x4° and 1°x2°) are 
too large to represent the hydrographic features of the station MS7. The TS-diagrams in 
the 15'x30' and 30'x l° rectangles are quite similar. In the smallest grid the data originate 
from four different stations and form a very concentrated TS-envelope curve. Data from 
the larger area enlarges the envelope curve, but the basic shape remains. Based on this 
analysis, we decided to use the grid size 30'x 1° in the data selection as a compromise (Fig. 
7). 
The irregularities in the observation dates during the period 1961-90 raise some 
problems in calculating the annual cycle of the salinity. No research cruises took place in 
winter and spring before 1977 (Fig. 8). If we determine the annual cycle for the normal 
period, the summer values represent the whole period, but the winter and spring values are 
only from the years 1977-90. For the temperature this has no significant effect because 
during winter and spring the sea water temperature is usually near the freezing point. For 
the salinity, the problem is however, considerable, because the salinity of the Baltic Sea 
has varied remarkably during the normal period. From the 1960's to 1976177 the salinity 
was quite constant but after the 1975/1976 and 1976/77 major saline water inflows it 
increased by almost 0.5 PSU in the Northern Baltic Sea. During the 1980's the salinity 
decreased to the same level as it was in the 1960's (Alenius & Haapala 1992). To avoid 
this bias in the salinity statistics, we calculated the seasonal variability functions for salinity 
from the period when data were available equally from all seasons (from 1977 onwards). 
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Fig. 6. An example of the effect of the size selected for the sea area on the characteristics of the TS-diagram. 
The sub-picture (a) shows the four different dala selecting grids centreed on the station MS7. The TS-diag-
rams in a grid size of 15'x30, 30'x 1°, lx2° and of 2x4° are shown in the sub-pictures (b), (c), (d) and (e). 
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Fig. 8. The annual observation time during the research cruises. 
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6. DISCUSSION ON THE TEMPERATURE AND SALINITY CHARACTERISTICS 
The long term variation of the sea water temperature is an appropriate indicator of the 
climatic variability. As an example the annual SST anomaly time series from Harmaja is 
presented in Fig. 9. In general, the first decades of this century were cool, considerable 
warming occurred from the 1920's to the end of the 1930's and after that a slight cooling 
and steadying tendency of SST has prevailed. Similar variations are typical for the 
temperature time series around the Baltic (Alexandersson & Eriksson 1989, Astok & 
al.1990, Alenius & Haapala 1992, Heino 1994). However, when long term seasonal 
variations are studied, it is found that the natural variability is much larger and different 
during different seasons (I-Iaapala & Alenius 1993). To illustrate the representativeness of 
the normal periods, we calculated the annual cycle of the SST for three consecutive 30 
years periods, 1901-30 (I), 1931-60 (II) and 1961-90 (III) respectively (Fig. 10). 
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Fig. 9. Sea surface temperature variations (anomaly relative to 1961-90 mean) in Harmaja. The solid line is 






Fig. 10. Mean annual cycle of sea surface temperatures at Harmaja during the three 30 year periods 1901-30, 
1931-60 and 1961-90. 
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The largest difference between these three normal period annual cycles is in the 
summer values. In the winter there is no difference because of the freezing of the sea. 
During normal period II the annual maximum was about 1 °C higher than during the periods 
I and III. The latest period III, however, indicates warmer springs and autumns. In fact the 
periods II and III are quite similar in the autumn, and the normal period III was even warmer 
than period II during the spring. These results are consistent with studies on air temperature 
(Solantie 1993). 
Mean temperature and salinity values during the normal period 1961-1990 are 
summarized in Table 4 and Figs. 11 and 12. The sea surface temperature reaches its annual 
maximum at the beginning of August. The SST maximum varies from 16 to 17 °C in the 
open sea and from 16 to 19 °C in the coastal regions. Annual variation at the bottom depends 
greatly on the location under consideration. The range of the annual variation of the bottom 
temperature gives an es timate of the vertical mixing. In the shallow coastal areas, the winter 
cooling extends to the bottom and the minimum temperature is near the freezing point in 
the whole water column. In the Gulf of Bothnia, the Archipelago Sea and the Gulf of 
Finland the annual amplitude of the near bottom temperature is 3-6 °C (Table 4). The 
temperature of the maximum density is near to that range, leading to a conclusion that the 
vertical mixing extends to near the bottom. In the Baltic Sea Proper the deep layer 
temperature has minor seasonal variations being always higher than the temperature of 
maximum density. Winter cooling extends there only to the top of the halocline where the 
cold "previous winter water" is always found. 







T bot Ss"' Sbot halocline 
Bothnian Bay 16-16.5 0-1 3-4 (0) 2-4 3-5 weak, seasonal 
Bothnian Sea 16 1.5-2 3.5-4.5 5-6 6.5-7 weak, seasonal 
Archipelago Sea 17.5-18.5 0-0.5 5.5-6 6-7 6.5-8 weak, seasonal 
Gulf of Finland 16.5-17.5 0.5-2.0 6-7 (0) 3-7 6-10 weak, seasonal 
Baltic Proper 18.5 4-5 5-6 7-7.5 10-12.5 strong, permanent 
The surface salinity is 2-4 PSU in the Bay of Bothnia, 5-6 PSU in the Bothnian Sea, 
3-7 PSU in the Gulf of Finland and 7-7.5 PSU in the northern Baltic Sea Proper. In the 
Gulf of Bothnia, the salinity increases quite linearly from the surface to the bottom without 
any clear halocline. The bottom salinity is 3-5 PSU in the Bay of Bothnia and 5-7 PSU in 
the Bothnian Sea. The northern Baltic Sea Proper has a strong halocline the depth of which 
varies between 60-80 metres deep. Below the halocline the salinity is 10-12.5 PSU. The 
Baltic Sea Proper deep water can also reach the western parts of the Gulf of Finland. 
The seasonal variations of the thermocline and the halocline are shown in Fig. 13. The 
depths of the clines were determined by searching the maximum value of the temperature 
and salinity derivatives in respect to the depth (see Leppäranta & Alenius (1984)). We 
chose stations F2, SR5, LL7 and BY28 to represent the Bothnian Bay, the Bothnian Sea, 
the Gulf of Finland and the Baltic Proper respectively. It should be noted that the curves 
describe only the existence of the clines, not the strength or sharpness of the themno- or 
halocline. Although the vertical resolution of the data is coarse, the curves gives an 
impression of the seasonal development of the clines. 
M 
Pig. 11. "The annual course of temperature in the Northern Baltic Sea. Curves are temperatures at standard 
depths (0, 5, 10, 15, 20, 30, 40 m ... to bottom). 
.i 
Pig. 12. The annual course of salinity in the Northern Baltic Sea. Curves are salinities at standard depths (0, 5, 
10, 15, 20, 30, 40m ... to bottorn). 
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Predominant features of the thermochne are similar in all sea areas (Fig 13). In winter, 
the thermocline is found between 50 and 80 metres deep. Summer thermal stratification 
forms to 15-20 metres in depth in June. However, in the Bothnian Bay a thermocine is 
already found at the surface a month earlier. That is related to the hatine stratification owing 
to the melting of the ice cover and river run-off. The summer thermocline remains quite 
steady at 20 metres deep. Thermal stratification lasts about three months in the Bay of 
Bothnia and about four months in the northern Baltic Sea Proper. Autumn begins in the 
Bay of Bothnia in September and a month later in the Baltic Proper. With autumn cooling, 
the thermocline first deepens and the thermal stratification vanishes. The salinity 
stratification is very different in different sea areas. In the Baltic Proper a strong permanent 
halocline prevails at around 80 metres deep. Another kind of phenomena is found in the 
Bothnian Bay, where a weak seasonally varying halocline is associated with the 
thermocline. 
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Fig. 13. Annual variation of the IhermocUne (o) and halocine (") at the stations F2, SR5, LL7 and BY15. 
The dates of the annual maximum temperature at various depths are given in Fig. 14. 
It clearly shows that the occurrence of the maximum does not vary constantly with depth. 
The observations can be separated into three sections in which different physical features 
dominate. In the surface layer (0-30 m), the date of the maximum temperature varies almost 
linearly with depth. In the mid-layer between 30 and 60 metres deep the date of the 




observations are very scattered. The mean time lag from the surface maximum temperature 
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Fig. 14. Occurrence of temperature maximums at different depths. The time axis is the number of days after a 
maximum has occurred at the surface. A solid curve indicates mean value at the certain depth. 
In the surface layer, the temperature maximum is observed in summer when the 
thermal stratification is also strong and the vertical mixing is mainly caused by the wind. 
In the deeper layers the maximum temperatures are observed during the autumn cooling 
when the vertical mixing also occurs due to convection. During that time, the mixed layer 
depth increases with a higher rate and the temperature maximum advances faster in the 
water column. The scattering of the maximum temperature dates in the deep layers is more 
likely due the variable haline stratification at different stations. In sea areas where there is 
no strong halocline, the convective mixing penetrates deeper and the maximum 
temperature date advances in the water column, as in the above water layers. When the 
strong halocline prevails, it prevents convective mixing and the vertical heat transfer is 
mainly due to diffusion. The locations of the stations also give deviation to the observations. 
Open sea and near shore stations are different in nature (Hela 1966). In the coastal areas 
dissipation of the internal waves also strengthens vertical mixing (Milklo & Tamsalu 
1985). 
Launiainen and Koljonen (1982) have pointed out an interesting feature of the salinity 
variation in the Gulf of Finland. They found a positive correlation between the surface 
salinity and a negative correlation between the bottom salinity at Utö and the run-off of 
the river Neva. The influence of the river run-off is seen both in the long term variations 
and in the seasonal variations of salinity. This feature is typical along the whole Gulf of 
Finland where the salinity has wide seasonal variations (Figs. 30-33). In other sea areas, 
the salinity has seasonal variations only in a rather thin surface layer, whereas in the deeper 
layers salinity is quite constant throughout the year. In the Gulf of Finland the surface layer 
salinity decreases from winter to mid-summer and at the same time the salinity of the deep 
layers increases. As an example, the salinity decrease in the surface layer can be from 6 
to 4.5 PSU and salinity increases at 60 metres deep from 7 to 9 PSU between March and 
July (Table 26), which means a considerable intensification of the salinity stratification. 
In early spring the salinity isolines are evenly inclined, but during spring and summer the 
isohalines turn to be more horizontal in the surface layer, and in the bottom layer isohalines 
shift towards the inner gulf (Fig. 15). This shows that the observed salinity variations are 
caused by advection and that the dynamics of the gulf play an essential role in the seasonal 
variations of salinity. The surface layer salinity variations are easily understood to be 
related to the spring time Neva run-off. The surface layer outflow seems to generate an 
opposite inflow in the deeper layers, but the dynamics are still somewhat unclear. 
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Fig. 15. Mean salinity isoliues in the Gulf of Finland in the spring and the summer. 
We illustrate die climatological temperature and salinity conditions in the northern 
Baltic Sea by several types of graphs. Figs. 16a-16g give the mean annual course and 
standard deviation of the SST for the normal period 1961-1990. The minimum and 
maximum curves represent, however, all the available data. Tables 5-11 give the 
corresponding numerical values. 
Figs. 17-36 give the annual variability of temperature and salinity at standard depths 
and the corresponding numeric values are in Tables 12-30. Contour plots show the mean 
temperature and salinity stratification. Finally, Fig. 36 shows the TS-diagrams from all 
open sea stations. 
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Fig. 16. Sea surface temperature statistics at (A) Krunnit, (B) Valassaaret, (C) Utö, (D) Seili, (E) Tvärminne, 
(F) Harmaja and (G) Santio. 
72 
F 
T VARAM INNI 
	 IIARMAJ, 
U 
1 2 	1.4 	I 	1 R 	I.10 	112 
 





Fig. 16 continues. 	 1..2 	I.1 
	1n 	iå 	Iiu ile 
Om 
0 	.. 1 ..._.. 	. 	_ 	i.::. .. 	...._ 
5 	 ... 	..... 	/ 	' 	........ ......:.... 	. 	.. 	... 
20m 
U 
U ....... 	 .. 	.. 
73 
U 




Fig. 17. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification at Kmmnit. 
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Fig. 18. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
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Fig. 19. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification at Utö. 
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Fig. 20. Ilie annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification at Seili. 
74 
Om 




















-10 4 	I 1 	I 	4 -0 
-2p 68~ -20 




1.2 	1.4 	1.6 	1.8 	1.10 	1.12 	 1.2 	1.4 	1.6 	1.8 	1,10 	1.12 
dr 	 lMfl 	TVA NOR 
Fig. 21. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification at Tv5rminne. 
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Fig. 22. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
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Fig. 23. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
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Fig. 24. The annual course of (A) temperature and (13) salinity al standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (C) temperature (F) salinity and (G) density at station F2. Jn the profi-
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Fig. 25. The anmual course of (A) temperature and (B) saluity at standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (E) temperature (F) salinity and (G) density at station B03. In the pro-
files the lines indicate annual minimum, maximum and mean profile. 
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Fig. 26. The annual course of (A) temperature and (B) salinity at standard depths, Ote mean (C) thermal and 
(D) salinity stratification, and profiles of (C) temperature (F) salinity and (G) density at station US5B. In the 
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Fig. 27. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (E) temperature (F) salinity and (G) density al station SR5. In the pro-
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Fig. 28. the armtal course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (C) temperature (F) salinity and (G) density at station F64. In the pro-
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Fig. 29. 'The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (E) temperature (F) salinity and (G) density at station IU6. In the pro-
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Fig. 30. The annual course of (A) temperature and ([3) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (E) temperature (F) salinity and (G) density at station LL3A. In the 
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Fig. 31. Ilie annual course of (A) temperature and (B) salinity at slaudard depths, the mean (C) thermal and 
(D) salinity sttatificatiou, and profiles of (E) temperature (F) salinity and (G) density at station LL7. In the pro-
files the lines indicate annual minimwn, maximum and mean profile. 
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Fig. 32. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (E) temperature (F) salinity and (G) density at station LL1 1. In the 
profiles the lines indicate annual minimum, maximum amd mean profile. 
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Fig. 33. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (E) temperature (F) salinity and (G) density at station BY2S. In the 























1.2 	1.4 	1.6 	1.8 	1.10 	1.12 	 1.2 	1.4 	1.6 	1.8 	1.10 	1.12 
	
date date 
Temperature 	 Salinity 	 Density 
0  r  0 	 0 -100 	 -100 	 -100 2 -200 	 -200 	 -200 
-300 	 -300 	 -300 
-400 -400 	• 	 -400 
0 	10 	20 	0 	5 	10 	15 	1000 	1010 	1020 






Fig. 34. The annual course of (A) temperature and (13) salinity at standard depths, the mean (C) thermal and 
(D) salinity slratificaliou, and profiles of (E) temperature (F) salinity and (G) density at station BY3L In the 
profiles the lines indicate annual minimum, maximun and mean profile. 
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Fig. 35. The annual course of (A) temperature and (B) salinity at standard depths, the mean (C) thermal and 
(D) salinity stratification, and profiles of (E) temperature (F) salinity and (G) density at station BY15. In the 












0 	2 	4 6 8 10 12 14 
I SiD 
0 	2 	4 	6 	8 	10 	12 	14 
SAUNrO-Y 
so-s 











0 	2 	4 	6 	4 	to 	2 	 4 	6 	8 	10 	Ii 
SAUNFlY SAL-sPIFY 
Fig. 36. TS-diagrams of the open sea stations. 
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Table 5. Sea surface temperature statistics from Krunnit 
KRUNNIT 
1968-90 1968-90 
date T(°C) sd. min max 
Jan 
I.I. 
11.1. - - - - 
21.1. ..............._................ - - - - 
1 .2. - - - - 
Feb 11.2. - - - - 
21.2. ...._._.._ 	........................ .... - - - 
1 .3. - - - - 
Mar 11.3. - - - - 
21.3. - - - - 
1.4. - - - - 
Apr 114. - - - - 
21.4. .. 	_ 	..................... 0.27 0.25 	_ 0.00 ....... 	.. 0.50 .... 11 .1 . 1 .-.... 
1.5. 1.66 - - - 
May 11.5. 3.04 - - - 
21.5. 4.43 - - -  .........._.. 
1.6. 5.82 2.78 2.90 10.80 
Jun II.6. 7.70 2.I4 4.80 12.50 
21.6. 11.37 2.53 7.50 14.50 
I.7.  13.53 2.83 9.20 17.70 
Jul I I.7. 14.76 2. 15 10.70 18.50 
..1 	.......... 21.7. 14.96 ...............1111....................... 1.56 ..............1111._ 12.30 _. 17.70 
I.8.  16.59 I.88 I4.50 21.00 
Aug I 	I.8. 15.65 I.68 I I.50 17.80 
21.8. 14.80 1 .98 1 1 .80 18.10 
1.9. 12,62 1.55 10.30 14.80 
Sep 11.9. 11.93 1.34 10.10 14.30 
21.9. _.._ 	.. 10.16 .. 0.78  1111 	_... 9.00 .._...........__ 	............... 11.40 
1.10. 8.58 I.01 7.20 10.30 
Oct 11.10. 6.51 0.80 5.30 7.40 
21.10. 4.67 I.29 2.90 6.70 
1.11. 3.38 0.98 2.00 4.30 
Nov 11.11. - - - - 
.............._.... 21.11. 1111.._ 	............ - - 	.....__. 1 . - - 
1.12. - - - - 
Dec 11.12. - - - - 
21.12. - - - - 
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Table 6. Sea surface temperature statistics from Valassaaret. 
VALASSAARET 
1961-90 1961-90 1919-1990 
date T(C) sd. min max min max 
I.I. -0.02 0.43 -0.40 1.20 -0.40 1.50 
Jan II.I. -0.02 0.47 -0.30 1.20 -0.30 I.80 
21.1. -0.14 0.13 -0.25 0.20 -0.28 1.20 
1.2. -0.14 0.14 -0.30 0.20 -0.30 0,40 
Feb 11.2. -0.19 0.13 -0.30 0.20 -0.30 0.30 
21.2. -0.19 0.15 -0.40 0.20 -0.40 0.20 
1.3. -0.16 0.11 -0.28 0.10 -0.30 0.20 
Mar 11.3. -0.08 0.21 -0.23 0.40 -0.27 0.40 
21.3. -0.06 0.19 -0.20 0.50 -0.28 0.50 
1.4, 0.01 0.33 -0.24 0.80 -0.24 1.00 
Apr 11.4. 0.20 0.55 -0.20 1.40 -0.20 1.70 
21.4. 0.75 0.85 -0.10 2.50 -0.10 2.50 
1.5. 1.61 1.58 -0.20 5.00 -0.20 5.00 
May 11.5. 2.96 1.32 0.50 6.10 0.20 6.90 
21.5. 4.69 2.19 1.20 9.90 1.20 9.90 
1.6. 5.60 2.19 0.90 9.90 0.90 12.90 
Jun 11.6. 7.41 1.74 4.30 12.60 4.30 12.60 
21.6. 10.49 2.80 5.70 18.00 5.70 18.00 
1.7. 11.86 2.19 6.20 16.10 6.20 16.70 
Jul 11.7. 13.32 2.1 	I 8.10 18.20 8.10 18.60 
21.7. 14.66 2.07 11.10 19.80 1 1.00 19.80 
1.8. 15.67 1.52 12,70 18.50 10.90 20.40 
Aug I 	I.8. 14.95 I.98 11.00 18.20 I I.00 18.50 
21.8. 14.06 1.75 10.80 18.80 10.40 18.80 
1.9. 12.44 1.32 9.20 14.70 7.60 19.70 
Sep 11.9. 11.77 1.06 9.20 13.70 8.20 15.50 
21.9. 10.03 1.32 7.10 12.40 7.10 13.40 
1.10. 8.72 1.46 5.80 11.20 5.80 12.20 
Oct 11.10. 7.78 1.27 5.70 10.30 4.00 11.80 
21.10. 6.50 1.41 4,30 9.70 1.20 9.70 
I.II. 5.21 1.32 2.80 8.10 0.70 8.10 
Nov II.II. 4.22 1.22 0.90 6.40 0.40 6.40 
21.11. 2.90 1.31 0.40 5.50 0.10 5.60 
1.12. 2.15 1.07 0.40 4.10 -0.20 4.20 
Dec 11.12. 0.95 0.93 -0.22 2.20 -0.24 3.80 
21.12. 0.21 0.54 -0.26 1.40 -0.27 2.50 
Table 7. Sea surface temperature statistics from Utö. 
UTO 
1961-90 	 1961-90 	 1919-1990 
date 	T(°C) 	sd. 	min 	max 	niin 	max 
I.I. 3.17 1.17 1.50 5.20 0.00 5.20 
Jan I1.1. 2.20 1.05 0.70 4.10 -0.20 4.10 
21.1. 1.41 0.97 -0.20 2.80 -0.50 4.50 
1.2. 2.02 0.56 1.20 2.70 -0.40 2.70 
Feb 11.2. 0.74 0.79 -0.37 2.00 -0.40 2.30 
21.2. 0.58 0.83 -0.38 2.00 -0.40 2.00 
1.3. 0.40 0.79 -0.30 1.50 -0.60 1.90 
Mar 11.3. 0.78 1.16 -0.36 2.10 -0.37 2.10 
21.3. 0.32 ... 0.98 ........... -0.38 .......... 	1 . 2.00 .. -0.38 2.00 
1.4. 1.11 1.12 0.10 2.90 -0.40 3.40 
Apr 11.4. 1.02 1.05 -0.20 2.40 -0.30 3.80 
21.4. 1.50 0.90 0.40 2.90 0.00 4.40 
1.5. 2.74 1.01 2.00 4.70 0.30 6.40 
May 11.5. 3.94 1.35 2.50 6.10 1.00 7.60 
21.5. 5.65 1.35 3.00 6.90 2.70 9.90 
1.6. 9.40 2.43 6.50 14.20 4.00 14.20 
Jun 11.6. 10.23 2.03 7.40 15.10 5.40 15.10 
21.6. 11.44 2.22 7.50 15.10 7.50 17.60 
1.7. 13.44 2.32 9.90 18.20 9.30 19.20 
Jul 11.7. 16.35 2.27 13.00 19.80 10.70 22.60 
2 I .7. 15.68 1.66 14.00 19.40 10.50 22.60 
I .8. 15.80 1.03 14.40 17.70 I I.80 22.10 
Aug 11.8. 15.39 2.56 11.50 21.10 11.50 22.00 
21.8. 14.57 2.58 9.60 18.20 9.60 21.80 
1.9. 13.47 2.05 11.20 16.70 9.20 21.00 
Sep 11.9. 12.79 2.02 10.00 17.90 9.20 18.00 
2 I.9. I I .79 1.70 9.30 14.00 7.40 16.50 
1.10. 10.79 1.70 8.20 13.40 7.00 14.30 
Oct 11.10. 9.39 1.47 7.00 11.90 7.00 12.40 
21.10. 9.03 1.30 6.80 11.50 4.50 11.50 
1.1 	I. 7.45 1.13 5.90 9.60 4.50 10.00 
Nov II.II. 6.76 1.53 3.90 8.60 3.90 8.70 
21.11. 5.60 1.24 3.40 7.00 2.50 8.00 
1.12. 4.74 I.00 3.30 6.30 0.80 7.20 
Dec 11.12. 4.01 1.22 2.30 6.20 -0.20 6.30 
21.12. 3.16 0.78 2.10 4.40 1.20 5.30 
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Table 8. Sea surface temperature statistics from Seili. 
966-90 1966-90 
date T(°C) sd. min max 
. 	I 	. I . 12 I.06 -0.30 2.90 
Jan 11.1. 0.41 0.78 -0.20 2.30 
21.1. 0.24 0.68 -0.30 2.00 
1.2. 0.08 0.44 -0.30 1.40 
Feb 11.2. -0.06 0.25 -0.34 0.70 
21.2. -0.07 0.22 -0.30 0.50 
1.3. -0.05 0.17 -0.35 0.20 
Mar 11.3. 0.04 0.23 -0.30 0.50 
21.3. 0.09 0.26 -0.20 0.80 
1.4. 0.38 0.42 -0.30 1.50 
Apr 11.4. 0.78 0.56 -0.10 1.80 
21.4. 1.82 0.86 0.40 3.30 
1.5. 3.67 1.29 1.40 6.20 
May 11.5. 5.67 1.81 3.40 11.00 
21.5. 7.53 2.27 2.20 12.00 
1.6. 10.87 2.02 7.80 16.20 
Jun 1 	I.6. 12.60 2. I 	I 9.30 17.00 
21.6. 14.78 2.09 9.60 20.00 
1.7. 15.82 2.78 10.20 22.50 
Jul 11.7. 17.12 1.86 14.30 22.10 
21.7. 17.42 1.59 12.70 21.50 
1.8. 18.55 1.66 14.70 22.20 
Aug 11.8. 18.08 1.65 14.20 20.90 
21.8. 17.17 1.09 14.80 19.50 
I.9. 15.89 I.43 I I.90 17.80 
Sep 11.9. 14.63 1.18 12.10 17.00 
21.9. 13.23 1.14 10.70 15.40 
1.10. 11.77 1.14 10.00 14.00 
Oct 11.10. 10.71 0.89 9.10 12.30 
21.10. 9.45 0.79 7.60 10.60 
1 .11. 8.13 1.09 5.20 10.10 
Nov 11.1 	I 	. 7.03 1.01 5.20 9.00 
21.1 	I . 5.64 1.26 3.80 7.70 
1.12. 4.26 1.27 2.00 6.30 
Dec II.12. 3.01 1.28 0.50 5.10 
21.12. 1.95 1.19 0.10 4.30 









I.I. 0.93 1.24 -0.30 4.20 -0.30 4.20 
Jam I1.1. 0.50 1.10 -0.33 2,90 -0.33 4.00 
21.1. 0.38 0.37 -0.40 2.40 -0.40 3.70 
1.2. 0.12 0.45 -0.32 1.30 -0.32 1.30 
Feb I 	I.2. 0.09 0.52 -0.35 1.80 -0.35 1.80 
21.2. 0.02 0.55 -0.30 2.60 -0.30 2.60 
1.3. 0.09 0.49 -0.30 2.20 -0.30 	• 2.20 
Mar 11.3. 0.17 0.63 -0.20 2.80 -0.20 2.80 
21.3. 0.42 0.92 -0.20 3.40 -0.20 3.40 
1.4. 0.46 0.72 -0.20 2.40 -0.20 2.40 
Apr 11.4. 0.84 0.78 -0.10 2.50 -0.12 6.70 
21.4. 1.82 1.37 0.10 5.20 0.00 5.20 
I.5. 3.29 1.79 0.60 7,90 0.20 9.30 
May 11.5. 6.04 2.09 2.00 12,10 2.00 12.10 
21.5. 7.92 2.06 4.60 12.40 3.90 14.50 
1.6. 10.37 2.58 7.00 16.20 6.00 16.20 
Jun 11.6. 12.28 3.63 6.30 19.70 6.30 19.70 
21.6. 13.73 2.88 8.10 19.50 6.80 22.10 
1.7. 13.56 3.59 7.60 21.70 7.30 21.70 
Jul 11.7. 14.86 3.57 5.30 20.40 5.30 21.00 
21.7. 15.72 2.53 11.30 22.50 7.90 23.40 
1.8. 16.87 2.39 11.20 20.80 7.90 23.50 
Aug 11.8. 16.20 2.73 10.20 21.20 9.10 23.10 
21.8. 15.62 2.41 11.00 20.20 11.00 21.60 
1.9. 14.35 2.55 7.10 18.40 7.10 21.40 
Sep 11.9. 13.13 2.25 8.80 17.70 6.00 18.00 
21.9. 11.46 2.02 6.70 15.20 6.70 15.80 
1.10. 10.01 2.05 5.90 14.00 5.90 14.00 
Oct 11.10. 9.24 1.73 6.40 12.70 4.30 12.70 
21.10. 8.23 I.3 I 5.80 I I.60 4.80 I I .60 
.11.1 6.86 1.50 4.20 10.50 4.20 10.50 
Nov 1 1.1 1 . 5.86 1.26 2.40 8.00 2.40 8.80 
21. I 	I . 4.55 I.44 I .20 7.30 I.10 8.20 
1.12. 3.40 1.54 0.70 6.60 0.50 7.20 
Dec 11.12. 2.65 1.46 -0.10 5,40 -0.10 6.00 
21.12. 1.52 1.23 -0.37 4,40 -0.37 5.10 
95 









I.I. 0.48 0.96 -0.30 3.40 -0.30 4.10 
Jan II.I. 0.29 0.77 -0.30 2.90 -0.30 3.80 
21.1. 0.15 0.61 -0.30 2.10 -0.30 3.50 
1.2. -0.00 0.44 -0.30 1.70 -0.30 2.20 
Feb 11.2. -0.07 0.35 -0.30 1.60 -0.30 2.30 
21.2. -0.11 0.32 -0.30 1.50 -0.30 2.40 
1.3. -0.06 0.42 -0.30 2.20 -0.30 2.20 
Mar 11.3. 0.03 0.49 -0.30 2.50 -0.30 2.50 
21.3. 0.12 0.52 -0.20 2.10 -0.30 2.50 
1.4. 0.39 0.70 -0.20 2.90 -0.30 3.80 
Apr 11.4. 0.67 0.88 -0.20 3.70 -0.30 3.90 
2I.4. 1.31 1.32 -0.20 6.00 -0.20 6.30 
1 .5. 2,77 1.71 0.10 8.90 -0.30 8.90 
May 11.5. 5. I 	I 1.74 1.00 10.20 0.00 11.30 
2 I.5. 7.29 I.81 3.80 12.70 0.50 12.70 
1.6. • 9.62 2.14 3.80 18.30 3.60 18.30 
Juri 11.6. 11.46 2.55 7.10 18.70 3.40 19.00 
21.6. 13.30 2.57 7.00 19.20 5.80 22.90 
1.7. 13.67 2.92 7.80 21.50 7.80 21.90 
Jul 11.7. 14.62 3.05 6.80 22.20 6.80 26.00 
21.7. 15.48 2.46 8.60 22.70 8.00 23.20 
1.8. 16.49 2.34 10,40 21.20 9.30 23.30 
Aug 11.8. 15.85 2.49 8.40 22.00 8.40 22.70 
21.8. 15.18 2.41 7.80 19,50 7.80 22.60 
1.9. 14.40 1.94 8.10 18.70 5.70 21.50 
Sep 11.9. 13.00 2.12 6.10 18.80 5.00 19.80 
2 I.9. I I.40 I.89 6.70 16.40 5.90 16.70 
I .10. 10.19 1 .82 6.30 14.70 4.50 15.10 
Oct 11.10. 9.13 1.73 6.00 16.00 3.90 16.00 
21.10. 7.99 1.33 4.40 I I.50 3.10 I 	1 .50 
1.11. 6.57 1.51 3.10 10.40 2.00 10.40 
Nov II.II. 5.47 1.39 1.50 8.90 1.20 9.20 
21.1 	I. 4.32 1.34 I.00 7.70 0.20 7.70 
1.12. 3.11 1.47 -0.20 6.30 -0.30 6.80 
Dec 11.12. 1.97 1.36 -0.30 5.00 -0.30 5.70 
21.12. 1.00 1.16 -0.20 4.40 -0.30 5.30 
Table I I. Sea surface temperature slatistics from Santio. 
SANTIO 
1970-90 1970-90 
date T(°C) sd. min max 
I.I. -0.22 0.13 -0.40 -0.10 
Jan II.I. 0.48 0.84 -0.20 1.70 
21.1. 0.17 0.58 -0.20 1.40 
1.2. 0.08 0.34 -0.20 0.60 
Feb 11.2. 0.18 0.77 -0.25 2.00 
21.2. 0.39 0.97 -0.26 2.40 
1.3. -0.12 0.10 -0.27 0.10 
Mar 11.3. -0.04 0.19 -0.25 0.40 
21.3. -0.03 0.17 -0.25 0.40 
1.4. 0.10 0.27 -0.20 0.60 
Apr 11.4. 0.55 0.81 0.00 2.70 
2 I.4. 0.92 I.05 -0.03 2.50 
1.5. 3.58 2.47 0.20 6,70 
May 11.5. 5.50 1.49 3.60 8.40 
21.5. 8.22 2.59 4.80 13.50 
1.6. 10.46 3.40 5.80 17.70 
Jun 11.6. 12.65 2.26 8.80 17.10 
21.6. 14.91 1.76 10.90 16.70 
1.7. 14.95 3.48 8.50 21.20 
Jul 11.7. 16.43 2.50 12.00 22.40 
21.7. 15.98 2.92 7.00 18.50 
I.8. 19.24 I.64 16.00 22.50 
Aug I 	I.8. 16.40 I .54 1 4.50 20.20 
21.8. 17.16 1,53 15.10 20.00 
1.9. 14.78 1 .28 11.70 16.10 
Sep I 	I.9. 13.86 I.44 10.80 16.20 
21.9. 12.64 1.66 8.90 14.70 
1.10. 10.81 2.54 7.80 16.20 
Oct 11,10. 10.54 0.99 8.80 11.80 
21.10. 8.23 2.41 3.00 10.20 
I.I 	I. 7.41 0.84 5.80 8.30 
Nov I 	1.1 	I. 5.81 0.92 4.80 7.30 
21.11. 5.31 1.84 3.80 9.00 
1.12. 3.47 1.30 1.20 5.10 
Dec 11.12. 2.04 I 7 -0.20 4.80 
21.12. 1.15 0.92 0.20 2.60 
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Table 12. Sea water temperature and salimity statistics from Kninnit. 
0 m 10 in 20 ni 30 ni 
date l' W. T sd. T sd. T 	sd. 
Jn  
I.I. - - - - - - - 	- 
21.1. - - - - . 
- 
Feb 11.2. - - - - - - - 	- 
21.2. - - - - 	- 
Mar 11.3. - - - - - - - 	- 
21.3. - - - - - - - 
1.4. - - - - - - 	- 
Apr 11.4. - - - - - - - - 
21.4. 0.3 0.25 0.3 (1.15 0.2 0.23 - 	- 
1.S. 1.7 - 11.6 - 0.3 - - 	- 
May 11.5. 3.0 - I.0 - 0.5 - - 	- 
21.5. 4.4 - 1.4 - 0.6 - - 
Ib. 5.8 2.7l 1.7 1.25 (1.7 n.46 0.4 	0.10 
Jun 11.6. 7.7 2.14 4.4 2.47 2.3 2.57 0.9 	- 
21.6. 11.4 2.53 7.0 3.26 3.9 2.59 1.4 	0.71 
1.7. 13.5 2.)13 9.0 4.08 5.3 3.15 3.6 	- 
Jul 11.7. 14.8 2.15 1(1.7 323 6.7 2.95 5.9 	2.62 
21.7. 15,0 1.56 11.3 2.87 7.9 2.66 - 	- 
1 .9. 16.6 1.89 12.)) 3.10 7.8 2.43 - 	- 
Aug I1.9, 15.7 1.66 14.1 2.20 10.0 3.19 - 	- 
21 )). 14.9 1.96 13.3 2.41 11.4 3.12 - 	- 
1.9. 12.6 1.55 12.4 1.77 10.9 2.)6 - 	- 
Sep 11.9. 119 1.34 11.7 1.31 11.6 1.42 - 	- 
21.9. 1(1.2 0.76 I)).0 0.92 10.1 0.99 - 	- 
1.I0. 1.6 1.01 0.5 .09 6.6 1.13 - 	- 
Oct II.10. 6.5 06)) 6.5 0.80 6.5 0.74 - 	- 
21.10. 4.7 1.29 4.7 1.27 4.8 1.17 - 	- 
I.I1. 3.4 (1.98 3.4 0.95 3.7 0.50 - 	- 
Nov II.)). - - - - - - - 	- 
21.u. - - - - - - - 	- 
112. - - - - - - - 	- 
Dec 11.12. - - - - - - . - 
21.12. 
0 ni I0 ni 20 ni 30 ni 
dale S id. S id. S id. S 	id. 
Jan II.I. - - - - - - 
- 
... 	. 21.1. ...........1.......... ......1......I ..... ......... ._. 
1 .2. - - - - - - 
Feb 11.2. - . - - - - - 
21.2. 
Mar 11.3. - - - - - - - 
21.3. 
Apr 11.4. - - - - - - 
21.4. - 3.3 0.26 3.5 0.09 
1.5. - 3.2 3.4 - - - 
My 11.5. - - 3.0 - 3.3 - - 
21.5. - 2.9 3.2 
1.6. 1 .8 0.68 2.7 0.63 3.1 0.35 3.4 (1.06 
Jun 11.6. 2.2 0.36 2.6 0.25 3.1 OM) 3.7 - 
21.6. 2.11 0.35 2.4 0.34 3.0 0.76 4.0 1.23 
1.7. 2.1 11.39 2.5 0.46 2.7 0,40 3.4 - 
Jul 11.7. 2.3 0.47 2.5 0.47 2.7 0.42 2.9 1148 
21.7. 2.2 0.36 2.4 035 2.6 0.33 - 
I.8. 2.2 11.43 2.5 0.33 2.7 0.39 - - 
Aug I 	I.H. 2.3 0.48 2.5 0.49 2.6 0.27 - - 
21.8. 2.4 0.33 2.5 (1.32 2.6 0.3)) 
1.9. 2.3 0.35 2.3 0.35 2.5 0.40 - - 
Sep 11.9. 2.5 0.37 2.6 0.33 2.6 0.30 - - 
21.9. 2.5 0.40 2.5 0.40 2.6 0.27 - 
1 .10. 2.6 0.31 2.7 0.33 2.7 11.32 - - 
Oct 11.10. 2.5 0.27 2.6 0.29 2.7 0.27 - - 
21.10. 2.5 0.55 2.7 0.35 2) 0.39 
1.11. 2.6 O.IM) 2,9 0.08 - - - 
Non II.I1. - - - - - - - - 
21.11. ..__.. __. ......1.12. 
Dec 11.12. - . - . - - - - 
21.12. - - . . . - 
Table 13. Sea water ten)perature and salinity statistics from Valassaaret. 
0 ni Inin 20m 
dzlc T sd. T sd. T d. 
I.I. -0.0 0.4) 0.1 0.43 0.2 0.58 
Jan I 	t.l. -0.0 O. S 0.2 0.61 5.3 1) 79 
21.1. -0.1 0.13 -0.0 0.18 0.1 0.20 
1.2. Cl.)- 0.Id 0.1 11.35 11.3 11.52 
Fcb 112. 0.2 0.13 -0.) 0.12 -0.0 0.19 
21.2. -0.2 0.14 -0.1 0.19 -0.0 0.33 
1.3. -0.2 0.11 -0.1 0.22 -0.0 0.31 
Mar II3. -0.1 1(.2)1 -0.1 0.17 -11.1 11.13 
21.3. -0.1 0.19 0,0 0.28 0.1 (1.35 
1.4. 0.) 5.35 0.1 0.33 0.2 441 
Apr 11.4. 1(.3 0.64 ((.4 0.55 0.5 11.69 
21.4. 0.9 0.96 11.6 0.64 0.7 (1.53 
1.5. 1.8 1.65 1.5 1.511 1 .6 1.41 
May 11.5. 3.1 1.15 2.4 1.31 2.3 1.47 
21.5. 48 2.16 3.4 1.37 3.0 1.27 
I.G. 5.7 2.24 4.9 2.09 4.1 1.98 
Juli 11.G. 7.5 1.79 5.9 2.11 5.1 1.92 
21.6. 10.5 2.75 7.3 2.49 5.9 2.41 
1.7. I1.9 2.15 5.5 2.79 6.4 2.17 
Jul 11.7. 133  2.08 (11.3 2.9) 7.6 2.39 
21.7. 14.6 2.06 I 	I.1 2.70 8.1 IKl)  
I.N. 15.7 1.49 12.2 2.92 9.6 3.311 
Aug I 	IX. 15.0 1.97 11.9 2.45 10.1 2.65 
21.8. 14.1 1.75 12.0 2.04 9.6 2.22 
.9. 12.5 (.33 11.3 1.72 9.5 2.14 
Scp I1.9. I I)) 1.04 111.8 IAI 9.3 1.72 
21.9. 1(1.11 1.29 9.4 1.63 8.7 1.73 
1.1(1. (17 1.43 8.5 1.73 9.2 189 
Ocl 11.111. 71) 1.25 7.9 1.29 7.5 1.23 
21.1)1. 6.5 1.38 6.5 1.34 6.2 1.17 
1.11. 5.2 1.32 5.4 1.18 5.1 1.06 
Nov 1 	1.1 	1. 4.3 1.29 4.5 1.17 1.5 1.119 
21.11. 2.8 1.30 3.1 1.20 3.2 1.17 
1.12. 2.1 1 07 2.5 1.12 2.7 1.17 
Dc c 1 	1.12. 0.9 0.90 I.4 I.02 1.4 1.16 
21.12. 0.2 (1.54 (1.3 0.56 0.4 ((.52 
0m ISm 20m 
date S sel. S 'J. S d. 
I.I. 4.1) (1.47 5.1 (1.32 5.3 (1,30 
Jan II.1. 4.4 0.41 4.9 1(.55 5.0 0.52 
21.1. 4.5 0.46 44 0.47 5.1 (1.53 
1.2. 4.6 0.42 4.9 0.51 5.3 0,43 
Feb 11.2. 4.9 0.32 5.1 0.29 5.3 0.13 
21.2. 4.6 0.48 5.1 0.41 5.4 0.49 
1.3. 4.5 0.46 4.9 0.32 5.0 0.32 
Mar 11.3. 4.3 0.43 4.6 (1.411 4.7 0.64 
21.3. 4.4 0.42 4.7 0.5) 4.9 11.65 
IA. 4.7 0.22 4.7 (1.34 4.8 (1.2) 
Apr 11.4. 4.2 0.11 4.0 0.53 5.1 0.42 
21.4. 4.I 0.0(1 4.6 0.45 4.8 0.33 
1.5. 3.9 1 36 4.11 0.42 5.0 11.50 
May 11.5. 4.2 0.35 4.7 0.45. 5.1 11.55 
21.5. 4.2 0.23 4.5 0.39 4.7 0.33 
1.6. 4.0 0.33 '1.3 0.41 4.7 11A6 
Jun 11.6. 4.0 OA5 4.A 0.35 4.7 0.46 
21.6. 4.0 I).51 4.6 0.53 4.7 0.'18 
I.7. 4.)) 9S2 4.6 0.49 4.8 0.4(1 
Jul II7. 4.1 11.54 4.6 0.45 46 54)) 
21.7. 4.0 0.40 4.5 0.44 4.7 0.42 
1 X. 4.2 0.62 4.6 (1.37 41) 0.39 
Aug 11.9. 4.1 0.53 4.5 0.42 4.7 (1.35 
21.9. 4.0 0.38 4.4 ((.45 1.7 0.4(1 
1.9. 4.2 0.34 4.5 0.411 4.9 0.40 
Sep 11.9. 4.2 (1.35 4.6 0.29 431 0.35 
21.9. 4.2 0.22 4.5 0.27 411 0.39 
1.1(1. 4.4 0.43 47 0.39 4.9 033 
Oct II.10. 4.4 0.46 4.7 0.49 4.8 444 
21.1(1. 'I.) 0.47 4,6 0.44 4.0 (1.49 
I.II. 4.6 0.37 4.9 0.43 4.9 11.47 
Nov I 	I.11 	. 4.4 11.41 4.7 11.49 41 11.48 
21.11. 4.) 0.39 4.7 0.41 4.9 11.50 
1.12. 4.5 0.57 4.7 0.54 4.9 0.46 
Dec 11.12. 4.5 0.57 43) 0.49 4.9 0.41) 
21.12. 4.6 11.41 4.7 (1.41 4.9 11.25 
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Table 14. Sea water temperature and salinity statistics from Utö 
date 
Om 















I.I. 3.0 1.16 3.0 0.89 2.9 0.72 3.0 0.71 3.0 0.73 3.3 0.96 3.7 1.17 
Jan II.I. 2.2 1.(X) 2.3 0.93 2.6 1.14 2.6 1.19 2.6 0.914 2.8 0.90 3.0 0,97 
21,1. (.5 0.94 1.7 0.98 1.8 .09 2.0 ).28 2.2 1.29 2.4 1.32 2.4 ).32 
1.2. 21) 0.51 2.3 1.10 2.0 11.47 2.0 0.46 2.0 ((.46 2.3 0.78 2.2 0.55 
Feb 11.2. 0.8 0.92 0.9 0.87 0.9 0.86 1.0 0,87 I  0.96 1.1 0.99 1.2 1.07 
21.2. 0.6 0.83 11.6 11.82 (7.8 0.95 0.9 1.15 3) 1.22 1.2 1.24 1,2 1.24 
1.3. 0.8 1.12 11.9 1.12 (1.8 1,05 0.8 1.)2 0.8 1174 0.9 1.04 0.9 1.09 
Mar I1.3. 0.0 1.16 0.0 1.20 0.8 1.22 0.9 1.26 11.9 13(1 I.0 1.43 1.1 1.53 
21,3. 0.3 090 0.3 0.97 0,3 0.90 0.3 0.98 0.3 0.98 1).4 0.93 0.6 11.07 
.4. 1.3 1.21 1.2 1.19 1.2 1.21 1.2 1.23 1.2 1.26 I.) 1.31 1.2 1.17 
Apr 1 	1.4. 1.4 1.34 1.4 1.34 1.3 1.36 1.4 1.34 .4 1.37 I.5 1,31 1.5 1.28 
21.4. 1.7 1.06 1.6 1.01 1.5 110) 1.3 1.22 I.3 1,22 1.4 1.14 1.5 1.05 
I.S. 3.1 1.39 2.7 1.31 2.5 1.36 2.4 1.34 2.1 139 2.1 139 2.2 1.25 
May I1.5. 4.2 1.64 3.6 1.60 3.2 1.73 2.9 1.70 2.5 1.10 2.2 1.10 2,0 1.12 
21.5. 6.0 I.UY 5.3 1.56 4.5 1.93 3.9 1.94 3.2 1.64 2.5 11.99 2.1 0y0 
1.6. 9.4 2,31 7.9 1.36 6.4 1.63 5.1 1.45 4.0 0.89 3.0 1.07 2.7 11.04 
Jun 11.6. 10.5 2.14 9.2 1.76 7,5 1.82 6.1 1.74 53) 1.77 3.3 1.37 2.8 I.) 	I 
21.6. 1 1.6 2.18 10.6 2.03 1.7 1.85 5,6 2.12 4.5 1.951 3.1 1.48 2.8 1.39 
1.7. 13.6 2.25 11.7 1.59 9.0 2.81 6.6 2.00 4.5 2.77 4 3 2.87 2.8 0.07 
Jul 11.7. 16.4 2.27 14.0 1.68 7.7 2.56 5.9 3.33 3,6 1.70 3,3 1.38 2.0 0.72 
21.7. 15.5 1.67 14.0 2.12 0,6 2.51 5.2 .03 4.2 2,24 3.5 1.78 3.4 1.42 
1.8. 15.9 1.06 14.0 1.54 9.1 3.07 6.3 3.14 5.0 2.40 3.6 1.22 3,1 0.76 
Aug 11.0. 15.6 2.59 14.3 2.26 9,8 2.42 5.9 2.21 4.5 1.73 3.5 0.65 3.2 0.72 
21.8. 14.6 2.58 13.7 2.52 8.7 3.23 5.7 .9(1 4.7 1.42 3.4 .06 3.0 0.86 
1.9. 3.9 2.23 13.) 1.94 9.4 3.77 6.6 2.32 43) 1.27 4.0 0.73 3.7 0.70 
Sep 11.9. 13.0 2,08 126 2.12 1Q8 2.91 8.0 2.95 6.6 2.99 4.7 2.06 3.7 0.72 
2) 9. 11.9 1.63 I 	.6 1.57 10.2 2.12 8.3 2.73 7.3 3.20 5.4 2.52 4.1 11.0)) 
1 .10. 10 9 1.64 10.5 1.76 9.1 2.53 7.6 3.1 H 6.0 2.82 4.7 1.71 4,0 1.05 
Oct II.))). 9.4 1,47 9.3 1.53 9.6 1.79 0.) 2.1(1 7.0 1.99 5.2 1.23 4.0 0.90 
21.10. 9.1 1.20 9.1 1.29 0,9 1 .15 7.9 1,29 7.3 1.63 5.5 1.5(1 5.2 1.44 
I.)I. 7.5 I.00 7.5 I.)I 7.5 1.15 7.5 1.18 7.4 1.26 6,5 1.30 5.8 IA8 
Nov II.11. 6.0 1.45 61) 1.35 6.8 1.32 6.9 1.30 6.7 1.26 6.1 1.39 5.7 1.48 
21.11. 5.6 1.24 5.6 1.20 5,6 1.29 5.7 1.43 5.7 1.56 5.5 1.67 5.5 1.64 
I.12, 4.8 0.96 4 tt 0.93 4.9 0.90 4.9 I7.86 4.9 0.86 5.11 0.84 5.1 0.94 
Dec 11.12. 4.1 1.16 4.1 1.19 4.2 1.19 4.3 1.14 4,4 I.))) 4.5 1.02 4.6 1.00 
















I.1. 7,0 0A2 7.0 0,37 7.(1 0.36 7,0 0.36 7,0 11)0 7,1 0.33 7.2 0.35 
Jan 11.1. 7.1 (1,24 7.1 0.22 7.1 0.23 7.1 0.22 7.2 0.27 7.2 11.27 7.2 0.2(1 
21.1. 6,9 0.44 6.9 11.44 6.9 0.42 7 0 11.4)) 7.1 0.29 7,1 0.29 7.1 0.20 
1.2. 7.1 1.20 7.1 (1.23 7.) 11,25 7.) 0.26 7.1 0.26 7.2 0.23 7.1 0.26 
Feb 11.2. 7)) 0.20 7.0 11.211 7.1 11.211 7.) 0.20 7.1 1)20 7.) 0.21 7.) 0.23 
21.2. 7.)) 11.17 7.1) 0.17 7.0 0.18 7.) 0.20 7.1 0.20 7,2 0.24 7.2 0.26 
1.3. 6.9 0.25 6.9 0.21 6.9 (1.21 7,0 0.23 6.9 0.25 6.9 0.27 7.0 0.23 
Mar 11.3. 6.7 0.IS 6.7 0.14 69 11.15 6.9 11.18 6.9 0.19 6.9 0.21 7.0 0.3(1 
21.3. 6.9 0.)6 6.9 0.16 6.9 0.16 6.9 0.15 6.9 0.15 6.9 0,19 7.0 0,16 
1,4. 6.8 0.17 6.9 0.17 6.9 0.19 7.0 0.21 7.0 0.23 7.0 0.25 7.0 0.26 
Apr 11.4. 6.7 0.32 6.0 0.37 60 0.35 6.9 0.27 6.9 0.24 7.0 0.29 75) 0.32 
21.4. 6.6 0.31 6.7 0.33 6.7 0.33 6.9 0.30 7.) 0.35 7.1 0.29 7.1 0.29 
1.5. 6.7 0.28 6.9 0,29 60 0.29 6.9 0.25 7.0 0.29 7.1 035 7.2 0d2 
May I1.5. 6.6 0.28 6.7 0.25 6.7 0.28 6.9 0.30 6.9 0.15 7.1 240 7,3 0.32 
21.5. 6.5 0.27 6,5 0.28 6.6 0.27 6.7 0,19 6.)) 0.22 7.1 0.33 7.3 0.33 
1 .6. 6.5 0.17 6.5 0.39 6.6 0.32 6.6 0.25 6.8 0.27 7.1 0.40 7.4 0.29 
Jun 11.6. 6.5 0.26 6.5 0.29 6.5 0.29 6.7 0.23 61) 0.28 7.3 0.55 7.6 0.51 
21.6. 6.5 0.36 6.5 0.35 6,6 0.22 6.7 0.27 7.1 0.42 7.5 0.48 7.4 0.50 
1.7. 6.5 0.39 6.5 0.3) 6.6 0.26 6.6 0.25 7.0 0.34 7.5 0,46 7.7 0.42 
Jul 11.7. 6.5 0.25 6.5 0.31 6.7 0.25 6.9 0.26 7.1 0.20 7.5 0.47 7,7 0.25 
21.7. 6.4 11.2,1 6.4 0.26 6.6 0.33 6.9 0.35 7.1 0.36 7.5 0.41 7,7 (1.52 
.0. 6.4 0,25 6.4 0,26 6.7 0,34 6.9 OA) 7.1 0.46 7.4 0.40 7,7 0.42 
Aug I1.8. 6.5 0.22 6.5 0.23 6.6 11.27 6.9 0.30 7.1 0.31 7.5 0.49 7.9 0.43 
21.8. 6.5 0,24 6,6 0.26 6.9 (3.29 7.1 0.2') 7.2 0.29 7,6 0.26 7.7 (1.29 
1.9. 6,5 0.29 6.6 0.3) 6,7 11,32 7.0 0.20 7.1 11.30 7.3 0.30 7.5 0.29 
Sep 11.9. 6.6 0.30 6,6 0.30 6.7 0.40 6.9 0.42 7,1 (1.41 7.4 0.45 7.7 0.4.4 
21.9. 6.5 0.5O 6.5 11.48 6.7 0.45 6.0 (1.46 6.9 0.46 7.2 0.43 7.5 OJN 
I.))). 6.6 0.45 6.6 0.47 6.7 (1.46 6.9 0.35 7.) 0.35 7.5 (1,39 7,7 (0.42 
Oct II.)0. 6.7 1123 6.7 (1.2) 6.9 0.19 7.0 0.24 7.2 0,27 7,5 0,18 7.5 (1.29 
2).1(1. 6.0 (1.33 6.9 0.3) 6.9 0.29 7.0 (1.22 7.1 0.34 7.4 (7.44 7.6 0.40 
I.) 	I. 6.9 (1,16 6,8 0,36 6.9 ( (.35 6.9 0.36 6.9 0.39 7.1) (143 7.3 (1,69 
Nov 11.11. 6.0 0.27 6.9 0,27 6.9 0.28 6,9 020 6.9 0.39 7.1 0.56 7,5 0.51 
21.11, 7(1 11.22 731 0.20 7.0 0.17 7.6 (1lO 7)) 0.17 7.1 0.26 7.2 (1.3)) 
1.12. 6,9 1.33 6.9 0.32 6.0 0.33 6.9 0.31 6.9 0.30 6.9 0.31 7.0 0.33 
Dee 11.12. 6,9 0,32 6,9 0.31 6.9 0.28 6.9 0.30 7.0 11.31 7.0 0.29 7)) 0.29 
21.12. 7,0 0.23 7.0 422 7.0 0,23 Zo 0.23 7I 022 7.2 0.21 7.2 92) 
Table 15. Sea water temperature and salinity statistics from Seili. 
0 ni 	 10 nl 	20 m 	 30 nr 	 4O nr 
date 	T 	sd. 	T 	,d. 	T 	sd. 	T 	sd. 	T 	sd. 
I.1. Ii 1.04 1.2 1.07 1.4 1.04 1.5 1.02 1.5 1.15 
Jnn 11.1. 0.4 0.76 0.6 0.75 0.7 0.76 0.7 0.75 0.8 0.75 
21.1. 0.2 11.67 0.4 0.61 0.5 0.64 0.5 0.67 11.5 0.63 
1.2. 0.1 0.44 0.2 0.45 0.2 0.49 (1.3 (1.17 0.3 11.53 
Fcb 11.2. -0.0 0.25 0.1 11.30 0.1 0.33 0.1 11.29 0.1 0.32 
21.2. -0.1 0.22 0.0 11.22 0.1 0.22 0.1 11.24 11.1 0.25 
1.3. -0.0 0.21 -0.0 0.20 0.0 0.19 0.1 0.24 0.0 0.21 
Mar 11.3. 0,1 0.29 0.1 0.25 0.1 0.26 0.1 11J2 0.1 0.31 
21.3. 0.1 0.37 11.2 0.33 0.1 0.35 0.1 0.36 0.1 0.311 
1.4. 0.5 0.55 0.3 0.48 0.3 11.47 0.3 0.411 11.3 0.47 
Apr 11.4. 0.9 0.64 0.6 0.63 0.4 0.60 0.4 0.59 0.4 0.63 
21.4. 1.9 1.00 1.4 (.00 1.1 0.95 1.0 1.(X) 0.9 0.99 
1.5. 3.8 1.46 2.5 1.59 1 7 1.26 1.5 1.29 1 .I 1.24 
May 11.5. 5.11 1.89 3.5 1.67 2.4 1.48 2.2 1.36 2.1 1.27 
21.5. 7.6 2.23 5.5 1.611 4.1 1.80 3.1 1.59 3.0 2.23 
1 .6. 10.9 1.99 ZH 1.67 4.9 2.20 3.11 1.63 3.1 1.63 
Jun 11.6. 12.7 2.11 10.2 1.711 6.3 2.02 5.11 2.1)1 3.9 1.75 
21.6. 14.8 2.05 11.7 1,74 7(1 1.75 5.5 1.68 4.7 1.70 
1.7. 15.11 2.72 13.1 1.90 1.9 2.116 6.4 1.6(1 5:1 1.67 
Jul 11.7. 17.1 (112 15.0 1.75 9.4 2.411 6.6 1.91 5.6 1.65 
217. 17.4 1.56 15.4 1.43 9.5 1.97 7.2 1.71 6.1 (.6.11 
4. 18.6 1.62 16.1 193 111.0 2.53 7.3 1.47 6.5 130 
Aug 114. 18.1 1.62 1 611 1.73 111.8 2.60 11.4 1.74 7.3 1.92 
21.11. 17.2 1.12 16.6 1.311 11.4 2.74 8.5 1.58 7 3 1.37 
1.9. 16.0 1.44 15.4 I .43 1 1.9 2.33 9.1 2.07 110 1.68 
Sep 119. 14.6 I.IS 14.5 1.18 12,0 1.111 9.9 2.37 11.6 1.84 
21.9. 13.2 1.12 13.1 1.16 12.2 1.58 10.2 2.13 11.4 1.73 
1.10. 11 .8 1.1I 11.7 1.13 11.5 1.00 10.6 1.56 10.0 1.73 
OCI 11.10. 10.7 0.87 10.7 0.98 10.6 (192 10.2 1.27 9.9 1.24 
......... 21.10. .......... 9.4 0.77 ................. 9.5 ........................ 0.87 9.4 11.94 ...... 9.4 .. 	... 0.86 .............._ 9.3 _ .._. 11.93 
(.1I. 11.1 1.07 6.1 1,01 8.1 1.02 11.1 1.04 8.1 1.03 
Nov I 	(.1 	I. 7.0 I7.)`) 731 1.011 7.0 1.01 711 1.00 7.0 1.01 
21.11. 5.7 1.24 5.7 1.21 5.7 1.26 5.11 1.24 5.8 1.24 
1.12. 43 1.24 4..I 1.16 4.5 1.08 4.5 1.08 4.5 .1)8 
Dcc 11.12. 3.0 1.26 3.2 1.16 3.3 1.13 3.4 1.07 3.4 1.10 
21.12. 2.0 1.17 2.1 (.16 2.2 1.15 2.2 1.14 2.2 1.14 
O m 10 m 2)1 nr 30 nr 41) nt 
date S sd. S sd. S sd. S sd. S sd. 
I.I. 6.4 0.21 6.4 0.20 6.5 0.17 6.5 0.16 6.5 0.16 
Jan II.I. 6.4 0.20 6.5 (1.21) 6.5 0.21 6.5 0.23 6.5 0.23 
21.1. 6.4 0.19 6.5 0.17 6.5 0.2(1 6.5 0.21 6.5 0.21 
1.2. 6.3 0.42 6.5 0.17 6.6 0.19 6.6 0.20 6.6 11.211 
Feb 11.2. 6.3 11.41 6.5 0.17 6.6 0.19 6.6 (1.20 6.6 11.21 
21.2. 6.4 (1.24 6.5 0.20 6.6 0.19 6.6 0.20 6.7 0.21 
1.3. 6.4 0.20 6.5 0.20 6.6 0.21 6.7 0.21 6.7 0.21 
Mw 11.3. 6.2 1.13 6.5 0.23 6.6 0.24 6.6 0.25 6.7 0.25 
21.3. 6.2 0.69 6.5 0.25 6.6 0.24 6.7 0.22 6.7 0.22 
1.4. 6.0 0.93 6.5 0.25 6.6 11.25 6.6 0.24 6.6 0.25 
Apr 11.4. 5.4 1.70 6.5 0.24 6.6 0.27 6.6 0.24 6.7 0.24 
21.4. 6.2 ........ 0.26 ............... 6.4 ............11........._.._ 1.. 1 0.25 6.5 0.23 1 .......... 6.6 0.22 .._...... 6.7 0.24 





May 11.5. 6.2 0.38 6.3 0,21 6.5 11.22 6.5 (1.19 6.6 0.14 ................. 21.5. 6.1 0.29 6.3 ( (.27 1111..... 6.4 1111 	1111 	.. 0.26 ....................... 6.5 0.21 1111 . _._. 6.5 0.2O .._. 
1.6. 6.2 0.27 6.3 0.22 6.4 0.2(1 6.5 ((.20 6.5 0.19 
Jon 11.6. 6.2 0.26 6.2 0.25 6.4 0.19 6.5 0.20 6.5 0.19 
.. 21.6. ..__.... 6.2 026 .. 1111 6.2 	............. 0.24 6.4 1111 .. 0.18 ._.......... 6.5 016 ... 6.5 ......... 0.17  .. 
1.7. 6.2 0.24 6.3 0.23 6.4 0.22 6.5 0.[9 6.5 RIN 
Jul 11.7. 6.2 0.22 6.3 0.24 6.4 0.22 6.5 0.19 6.5 0.19 
.........__._... 21.7. ... 	... 	1111 .. 6.2 0.24 1111 	... ... 6.3 .:......_. 0.23 1111 	1111 .. 6.4 0.18 .......____........ 6.5 0.17 6.5   0.17 
I.B. 6.2 0.21 6.3 0.20 6.5 0.18 6.5 0.16 6.5 0.17 
Aug II.8. 6.2 (1.22 6.3 0.2)) 6.5 0.21 6.5 0.18 6.5 0.IR 
21.8.  6,3 ......... 0.20 .......... . 6 3 .._. 	_.. 0.21 ........ 6.5 0.18 6.5 1111 0.18 _ 	_............._. 6.5 .. 0.19 .. 	... 	. 
I.9. 6.3 
___ 
0.21 6.3 0.21) 6.4 0.19 6.5 0.17 6.5 0.17 
Sep 119. 6.3 0.19 6.3 0.)9 6.4 0.19 6.5 0,17 6.5 0.17 
21.9. 6.3  ......... 1111 .. 0.19( 6.4 0.18 ..._...... 6A  ..._......_ 0.17 .. 	_. 	.. 6.4 1111 . ... 0.16 6.5 ............. 0.17 __. _1111 
1.10. 6.3 0.19 6.4 0.22 6.4 0.17 6.4 0.17 6.5 0.23 
Oct 11.10. 6.3 0.11) 6.3 0.19 6.4 15.19 6.4 0.18 6.4 0.17 
21.10. 6.3 1111 ... 0.20  1111 1 11 .. 6.4 ......... 0.20 1111 6.4 1111 .. 0.18 ........__.......... 6.4 0.)8 6.4 0.I) .. 	.. 	1111 
I.)I. 6.4 0.19 6.4 0.20 6.4 11.19 6.4 0,19 6.4 0.20 
Nov 11.11. 6.3 0.23 6.3 0.21 6.3 0.23 6.4 0.22 6.4 0.21 
... 	._ 21.11. 6.3 0.26 6.3 ... 	... 	1111 0.23 111 _ 1 ._.. 6.4 11 _11 0.22  .............__.......... 6.4 0.21 .. 6A 1111 0.23 
1.12. 6.3 0.23 6.3 0.24 6.4 0.24 6.4 0.23 6.4 0.24 
Dec 11.12. 6.3 0.24 6.3 0.24 6.4 0.22 6.4 0.20 6.4 0,19 
21.12. 6.3 0.23 6.3 0.23 6.4 0.21 6.4 0.21 6,4 0.21 
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Table 17. Sea wafer temperature and salimity statistics from Harmaja. 
0 ni 	 10 ni 	 20 nr 	 30 ni 
dale 	T 	sd. 	T 	sJ. 	T 	sd. 	T 	 d. 
I.I. 	(.9 	1.11 	1.2 	lea 	1.4 	1.09 	la 	Iii 
Jan 	U. 	0.3 	O.H() 	0,6 	0.91 	0.9 	1,07 	1.1 	I.10 
21.1. 	0.1 	0,53 	0.3 	0.71 	0,7 	I.0) 	0.8 	1.04 
1.2. 	0.0 	0,52 	0.2 	0.61 	0.5 	001 	0.9 	1.07 
Fcb 	11.2. 	-(1.0 	0.45 	0.1 	0.51 	0.2 	0.52 	0.6 	11.66 
2).2. 	-0.1 	11.40 	-(1.0 	0.43 	0.1 	0.56 	0.3 	0.61 
1.3. 	.0.0 	0.44 	0.1 	0.45 	0,3 	0.51 	0.6 	0.71 
Mur 	11.3. 	0.0 	0.53 	0.1 	0.51 	0.3 	0.55 	0.5 	0.62 
............21.3. 	0.1 	0.54 	• 	0.1 	(1.54 	0.2 	0.62 	0.5 	0,74 
1.4. 	0,3 	0.66 	0.3 	0.62 	0.4 	1),59 	0.6 	0.60 
Apr 	I I.1. 	0.7 	0.02 	0.6 	0.79 	0.6 	0.73 	0.7 	0.66 
21.1. 	1.2 	I.I11 	I.0 	1.07 	0.9 	0.93 	Og 	(1.76 
1.5. 	2.4 	1.49 	1.9 	1.43 	1.6 	1.19 	1 A 	1.1)0 
May 	11.5. 	4.7 	1.63 	3.5 	1.31 	2.4 	1.35 	.8 	0.91 
21.5. 	6.9 	1.91 	5.3 	1.70 	3.4 	1.61) 	2.6 	1.14 
1,6. 	1.9 	1.64 	7.2 	2.1 I 	4.7 	2.65 	3.0 	1.69 
Jun 	11.6. 	11.4 	2.76 	83 	2.40 	5.0 	2.75 	2,9 	1.46 
.. 	.. 	.. 	I ....... 	........ 	_....__.... 	...... 	......_ 	_1..1.1..1 	._....... 21.6. 13.0 	2.33 9.4 	2.96 5,5 2.70 3.3 	1,95 1.7. 	13.1 	3.05 	9.9 	3.56 	5.6 	2.69 	3.5 	1.84 
Jul 	11.7. 	14,2 	3.76 	9.9 	3.63 	6.6 	3.39 	4.5 	2.99 
	
21.7.14.8 	2.46 	10,6 	2.99 	7.0 	3.67 	4.6 	2.38 _...__ .................. 	............_._.. 	............... 	.. 	1111... 	.............__._............... 	1111..._  I8. 	16.3 	2.46 	12.1 	3.36 	7,4 	2.99 	5.1 	2.49 
Aug 	II.8. 	15.1 	2.27 	12.7 	3.57 	6.9 	4.40 	5.6 	2.69 
1111 	216. 	14.7 	2.57 	13.0 	3.579.4 	4.04 	6.4 	3.22 .......__.. 	.....__....... 	111_1. 	1111.. 	1111 . 	................... 
1.9. 	4.2 	2.01 	12.5 	3.38 	9.9 	4.20 	7.5 	3.24 
Sep 	11.9. 	12.8 	2.09 	11.7 	3.11 	9.2 	3.67 	6.9 	3.07 
21,9, 	11.2 	2.07 	10.6 	2.43 	8,8 	2.79 	7.0 	2.63 ....... 	..._ 	._..._._..__ .... 	........... 	.......................I 	. .. __... 	... 1.1(1. 	9.9 	1,86 	9.9 	2.0) 	9.0 	2.74 	7.9 	2.52 
Ocl 	11.10. 	9.0 	1.66 	9.0 	1.80 	8.) 	2.38 	7.6 	2.35 
21.10. 	X, I1.39 	9.0 	1.39 	7.8 	1.59 	7.4 	1.74  ... 	.. 	.................._.. .................. 	.............  
II). 	6,5 	1.40 	6.5 	1.40 	6.6 	1.10 	6.5 	1.60 
Nov 	I I .I 1. 	5.6 	1.31 	5.9 	1.4I 	6.0 	1.37 	6.0 	1.36 
21.11. 	4.4 	1 .39 	4.6 	1.41 	4.9 	1.43 	5.0 	1.47 ... 	.. 	1111 ... 	.............._ 1111... 	............ 	1111. 	.. 	........ ._  1.12. 	3.1 	1.62 	3.4 	1.64 	3.7 	1.67 	3.9 	1.65 
Dec 	I1.12. 	2.1 	1.20 	2.5 	1.21 	2.7 	1.24 	2.9 	1.36 
21.12. 	1.4 	1.14 	1.6 	1.09 	1.0 	1.12 	2.1 	1.15 
0 1n 	 10 . 	 20 m 	 3O m 
dale 	S 	d. 	S 	sd, 	S 	W. 	S 	s4. 
I.I. 	5.9 	0.62 	5.9 	0.64 	6.0 	0.65 	6.1 	0,63 
Jan 	II.I. 	6.0 	11.46 	6,1 	0.45 	6.2 	11.47 	6.3 	0.44 
1111... 	............... 	. _1111.. _1111.. 	.......................... 	1111.. 21.1. 	5.9 	0.55 	6.0 0.55 	6.0 	0.67 	6.1 	0.54 
1.2. 	5.9 	0.45 	5.9 	0.45 	6.0 	0.45 	6.1 	0.43 
Fcb 	11.2. 	5,7 	0.51 	5.8 	0.49 	6.0 	0.45 	6.1 	0.34 
.. 	1111.. 	1111 	__ 	.. 	.._...... 	.._ 	1111 21.2. 	5,8 	0.42 	5.8 	0.44 5.9 	0,38 	6.1 	1) 33 
1.3. 	5.7 	0.47 	5.8 	0.42 	5.9 	0.40 	6.1 	0.34 
Mur 	11.3. 	5,6 	0.41 	5.7 	0.40 	5.9 	0.42 	6.0 	0.41 
1111 	.....:... 	... 	__.. 	1111 	1111. 	.......... 	_ .............. 	... 1111 	.._. 21.3. 5.6 	0.39 5.7 0.39 5.9 0.43 	6.1 0.43 
1.4. 	52 	I.00 	5.7 	0.39 	5.9 	0.38 	6,1 	0.46 
Apr 	IIA. 	4.6 	.64 	56 	0.39 	5.11 	0.34 	6.0 	0,44 
.. 	.. 	..._ 	.............. 	1111 	1111 	1111.. 	1111. 	_. 	._._..........._............__...   21.4. 	4,5 	I.69 5.4 (1.36 5.7 	0,37 	6.0 	0.49 
1.5. 	5.1) 	1.33 	5.5 	0.40 	5.7 	11.44 	5.9 	0.52 
May 	11.5. 	5.2 	0.54 	5.3 	0.48 	5.7 	11.51 	6.1 	(1,44 
.. 	... 	1111.. 	1111... 	.. 	.. 	..___ 	......_.... 	.._. 	...  
21.5, 5.2 0.51 	5.4 0.44 	5.8 	1)49 6.2 0.47 
1.6. 	5,2 	0.50 	5.4 	(1.54 	5.6 	0,57 	6.) 	0.59 
Jun 	11.6. 	5.3 	0.54 	5.5 	0.48 	5.8 	0.55 	6.4 	11.46 
21.6. 	5,4 	0.45 	5.5 	0,45 	5.9 	0.42 	6,4 	0,49 ...  	...  .. _.__....... 	.. 	_...._ 	_... 	...._ 
17. 	5.5 	0.51 	5.7 	0.48 	6,1 	0.50 	6.5 	0,41 
Jlll 	11.7. 	5.5 	0.45 	5.7 	0.44 	GO 	0.41 	6.4 	0.41 
.......... 	11_11 	............... 	1111. 	1111_._.. 	1111. 	............._....... 	.......... 21.7. 	5.6 	0.38 5.7 	0,35 	6.1 	047 	6,4 0.5O 
111. 	5.6 	(1.36 	5.7 	0.31 	6.(1 	0.13 	6.3 	0.37 
Aug 	I I.N. 	5.5 	0.41 	5.7 	0.43 	6,11 	0.46 	6.4 	0.44 
21.X. 	5.6 	0.47 	5 7 	0.42 	5.9 	0.51 	6.3  1111. 	_  
(.9. 	5.6 	0.49 	5.7 	0.47 	6.0 	0.61 	6.3 	0.59 
Sep 	11.9. 	5.7 	0,46 	5.9 	0.51 	6.1 	0.48 	6.4 	0,52 
21.9. 	5.9 	0.48 	5.9 	0.45 	6.2 	0.48 	6.5 	0.56 _1_111  
I.I(1. 	5.9 	0.47 	5.9 	0.47 	6.1 	1(.57 	6.2 	0.57 
Oct 	11.10. 	5.9 	0.43 	6.0 	0.4) 	6.2 	0.51 	6.4 	0.56 
.......................... 	 1111. 	............. _. _. ... 	1111 	.. 	. 21.10. 5.9 	0.43 52) 	0.45 	6.1 	0.52 	6.2 	0.59 
I.11. 	6.1 	0.54 	6.1 	0.52 	6.2 	0.50 	6.2 	0.52 
Nov 	II.I I. 	6.0 	0.47 	6,1 	(1.42 	6.2 	0.42 	6,4 	11.49 
.. 	1111 	... 	1_111 	. ............ 	............. 	._. 21.11. 6.(l 	OM 	6.0 	0.41 	6.2 	0.47 	6.3 0.56 
1.12. 	5.9 	0.52 	5.9 	0.51 	6,0 	0.52 	6.1 	0.52 
Dec 	11.12. 	5.9 	0.47 	6.0 	0.46 	6.1 	0.45 	6.1 	0.39 
21.12. 	6,0 	0.37 	6.0 	0.36 	6.0 	0.35 	6.1 	0.39 
103 
104 
Table I8. Sea water temperature and salinity statistics from Santio. 
On 10 ni 20 ni 30 m 40 m 
dale 'r sJ. T sJ. T sd. T ,J. T sd. 
LI. -0.2 0.11 0.1 0.39 1.2 0.82 19 1.28 3.1 1.85 
Jan I 	I.I. 0.5 0.84 0.5 0.95 I.0 1.17 I.6 1.27 2.2 1.16 
21.1. 0.2 0.59 0.3 0.67 0.9 1.12 1.7 1.19 2.1 1.10 
1.2. 0.0 0.33 (1.1 0.24 0.5 11.50 1.1 1.04 1 9 1.18 
Fcb 11.2. 0.2 (1.77 0.3 0.73 0.6 0.60 2.0 1.1I 2.5 1.01 
21.2. 1).4 0.97 O 3 0.88 0.6 0.89 I.6 I.32 2.5 1.25 
1.3, -0.1 0.10 0.1 0.46 0,7 0.76 2.(1 1.40 2.4 1.57 
Mar I1.3. -0.0 0.19 11.1 0.46 1.1 1.34 2.0 1.54 19 1.41 
21.3. -0.0 0.17 0.1 0.30 0.8 1195 1.6 I.52 2.8 1.13 
1.4. (1.2 0.44 11.1 11.38 08 0.69 1.6 1.10 2.2 1.03 
Apr 11.4. 0.7 (7.88 0.4 0.72 0,9 0.81 1.6 1.07 2.2 1.25 
21.4. 1.1 1.13 0.9 1.00 I.6 0.66 1.9 0.92 2.2 1.03 
I.5. 4.0 2.48 2.0 1.75 I.4 0.85 1.7 (1.76 2.2 0.99 
May 11.5. 5.6 1.42 3.8 1,115 2.1 1.39 1.9 1).64 2.3 0.79 
.... 21.5. 8.1 2.52 5.0 1.97 2.0 0.60 2.0 0.80 2.3 0.77 
1.6. 10.7 3.31 NA 2.79 3,3 2.25 2.6 11.74 3.0 1.17 
Jun 11.6. 12.7 2.16 9.9 3.66 4.0 2.53 3.3 1.44 34 1.29 
_ .... 	.. 21.6. ........ 14.9 ............._.... 1,69 11.5 	..... ..... .... 2.83 ........ 3.8 ....._......_.._ I.99 .......... 2.9 	• 1.37 2.6 0.67 
1.7. 15.1 3.43 11.5 3.69 3.4 1.27 2.S 0.60 2.5 (158 
Jul 1 	1,7, 16.5 2.42 13.1 2.98 6 (1 4(14 3.9 2.49 3.5 2.12 
21.7. 16.0 2.182 12.5 1.79 8.5 4.46 4.9 3.11 3.0 (1.79 
I.N. 19.1 1.67 13.9 3.10 7.7 5.(8) 4.2 3.08 3.1 (.60 
Aug 11 .8. 16.6 1.64 15.0 3.58 8.9 4.16 6.11 3.26 4.0 1.75 
21.8. 173 1.55 16.1 1.19 IO.6 5( 6 5.9 3.32 4.3 1.71 
1.9. 149 1.33 14.5 2.54 11.5 1.20 8.0 3.81 4.4 1.92 
Sep 11.9. 13.9 1.39 13.7 1.52 10.7 4.12 6.6 3.27 1.8 291 
21.9. 12.6 1.66 12.1 1.81 10.7 3.46 8.0 3.56 6.0 3.39 
1.8I. 111.8 2.10 10.1 2.17 9.5 3.50 6.3 3.26 4,7 (.57 
Ocl II.11). 1(1.2 1.34 9.7 (.36 9.4 2.56 7.2 3.03 6.6 3.40 
21.1(1. 18.2 2.11 9.3 2.14 8.4 2.07 8.2 2.05 6.6 I.99 
1.11. 7.2 III) 7,1 1.26 7.2 1.16 6.9 1.39 6.3 1.30 
Nov I1.1I. 5.11 (1.92 5.9 1.19 5,9 1.32 6.1 0.92 6.3 0.79 
21.11. 5.0 192 _..... 4.5 ....... 1.12 .1.1 	................ 4.7 1.39 ...... 4.8 1,07 4.9 1.03 
1.12. 3.5 1.30 3.6 144 3.8 1.13 4.4 0.69 4.5 1.12 
Dec 11.12. 2.0 1.62 2.0 1,511 2.4 1.41 2.9 1.34 3,4 1.23 
21.12. 1.1 0.84 1.2 096 1.4 0.95 1.7 0.85 19 1.03 
0m (0 nr 20m 30m 40 m 
time S .d. S rd. S sJ. S rd. S sd. 
I.I. 4.1 0.56 •(.2 0.54 4.3 0.46 4.8 I .IX) 4.9 1.23 
Jr II.I. 4.4 0.53 4.6 (1.47 4.7 0.56 4.9 0.66 5.2 0.59 
21.1. 4.2 0.5(1 4.4 0.35 46 0.56 5.3 0.74 5.4 ((.77 
1.2. 4.5 (1.69 4.6 0.45 4.9 11.56 5.2 0.6(1 5.3 0.81 
Feb 11.2. 4.1 0.43 4.5 0.48 4.9 0.59 5.6 0.84 6.0 0.99 
21.2. 4.11 0.46 4.5 0,51 4.8 0.74 5.3 1.04 5.7 1.29 
1.3. 4.1 0.45 4.6 0.51 5.2 0.5(1 5.9 0.68 6.0 (1.77 
Maj 11.3, 3,6 1.25 4.5 0.42 4.9 (1.76 5.6 0.85 6.0 0.63 
21.3. 3.7 0.97 4.5 (1.45 5.1 0.61 5.6 (MA 6.4 0.79 
1 A. 1.3 1.20 4.5 (1.35 5.3 (1.79 5.8 (1.73 6.4 0.96 
Apr II.4. 2.9 1.19 4.4 0.75 4.9 0.72 5.5 1.07 6.1 I.11 
21.4. 2.5 1.34 4.2 0.72 4.7 1.03 5.8 I n2 6.1 0.64 
I .5. 3.3 0.94 3.9 0.68 4.7 0.75 5.8 0.52 6.2 0.49 
May 11.5. 3.5 0.56 3.9 ((.53 5.3 0.58 6.1 (1.46 6.5 0.51 
21.5. 3.7 10.43 4.0 0.46 5.4 0.73 6.3 0.56 6.6 0.55 
I .G. 3.6 0.59 3.9 0.64 5.6 0.99 6.4 0.79 6.6 0.86 
Jun 11.6. 3.9 0.56 411 0.71 5.5 (1,93 6.4 0.59 6.7 0,61 
........... 	.. 21.6. 3.8 0.64 4.2 ((.61 5.7 0.73 6.3 0.75 6.8 0.54 
1.7. 4.2 0.651 4.5 0.8 1 5.9 0,45 6.4 0.49 6.7 0.67 
Jul 11.7. 4.2 0.51 4.6 0.7) 5.6 0,79 6.2 0.64 6.4 0.81) 
21.7. 4.(1 0,58 4.4 0.79 5.0 0.98 5.7 0.96 6.4 0.95 
(.8. 3.9 0.50 4.2 ((.56 5.2 0.95 611 ((.85 6.6 0.63 
Aug I 	I.8. 4.2 ((.47 4.4 0.60 5.1 0.72 5.7 0.6) 5.9 0.711 
21.8. 4.2 ((42 4.2 (1,411 5.2 1.01 6.1 ((.90 6.5 0.94 
1.9. 4.3 0.75 4.5 0.72 5.1 I.((7 5.7 0.79 6.5 0.73 
Sep 119. 4.3 0.59 4.4 ((.63 5(1 1.0) 6.11 I.06 6.6 1.17 
21.9. 4.6 0.64 4.6 0.51 5 (1 0.92 5.7 ().95 6.1 1,02 
1.14 4.5 0.63 4.6 (1.59 5.2 1)7 64) (.1 	I 6.4 I OS 
Oct I 	Ill). 4.6 11.55 4.6 11.57 5.2 0.97 5.7 I OG 5.9 1.19 
21.10. 4.5 0.45 4.4 0.42 -1.6 0.38 4.6 0.36 5.6 1.111 
I. 	I 	I. 4.4 0.43 4.6 ((.33 4,9 0.59 5.4 0.76 5.6 0.90 
Nov I III. 4.5 (1,4(1 4.5 (1.39 4.6 0.41 4.6 0.44 4.9 0.52 
21.11. 4.5 0.45 4.6 (0,45 4.6 0.22 4.7 0.26 5.1 0.61 
4.4 0.57 4.3 
•
I.12. ((.45 4.4 (1.3)1 4.7 0.32 5.11 0.65 
[See 11.12. (.4 (1.51) 4.4 0.46 4.7 (1.46 5.1 0.56 5.2 0.55 
21.12. 4.4 0,26 4.5 0.24 4.5 (1.25 4.7 0.30 4.0 0.418 
Table 19. Sea water temperature and salinity statistics from station F2. 
a l 10m 20m 30 n1 40 in 60m K() ni 
J;ue T nd. T sd "I ni]. T nil. T sd. T sJ. T nd. 
Jan 11.1. - _ _ _ _ _ _ _ _ 
21.1. ........................ . 
1.2.  
Feb 11.2. -  • - - - - - - - - - - 
21.2. 
1.3.  
Mar 11.3. -0.2 0.01 -0.2 QW -0.2 0.00 -0.2 ()XX 0.3 0,53 0.7 0.90 - - 
21.3. -0.2 0.01 -0.2 0.01 -0.1 11.11 -0.1 0.11 0.3 0,52 1,5 30 
1.4. 0.1 - 0.0 - 0.1 - 0.0 - 04 - 1.4 - - - 
Apr 11.4. 0.3 - 0.3 0,2 - 0.2 - 0.4 1.3 - - - 
21A. 0.6 0.5 (1.4 0.3 0.5 1.2 
1.5. 28 - 0.7 - 0.6 - 0.5 - 0.6 I.I - - - 
May 11.5. 1.1 0.48 0.9 0.35 0.9 0,41 0.6 0.43 0.6 0.44 1.0 0.16 0.9 (1.31 
21.5. 2.5 1.6 1.1 O.a 0.9 - 1.3 1,2 
1.6. 3.9 2.3 1.4 - 1.1 - 1.1 - 1.5 - 1.4 - 
Jun 11.6. 5.4 2.20 33l 1.77 1.7 1.01 1.3 (1.811 14 ((P2 I.(1 0.98 1.6 03(4 
21.6. 9.2 2,44 6.2 13(7 2.2 1,30 1 .8 0.90 1.1 0.77 0.9 0,39 1.2 0.19 
1_7. 10.7 0.5(1 8.5 2.15 3,1 1.05 2.2 0A8 1.7 0.42 1.4 0.63 1.5 (1.54 
Jul 11.7. 14.0 2.37 5.2 2.15 2.5 0.44 2.3 0.12 1,9 0,45 1.6 (1.39 1.8 - 
21.7. 13.5 3.76 11.2 1.19 5.5 1.56 2.1 1.14 1.9 0.60 1.6 (1.47 2.1 
131. 15.9 0.92 12.7 4.00 4.4 2.07 2.7 0.73 2,5 0,66 111 (1,75 2.4 - 
Aug I 	I.H. 15.2 0.92 12.1 4.62 5.4 2.97 2.9 1.20 2.5 1.73 2.1 .06 28 I A2 
21.8, ... 	... 	._ ................. 13.6 ... 111 .. 	...._........ 12.9 0.95 ..... 6.2 ........... 3.53 ._...... 2.5 0.79 .. 1.) .... 0.49 _....._ 2.1 _ 	... 	..... 0.39 2.6 ..............I - 
1.9. 12.1 1.04 12.1 1.34 9.9 3.30 4.6 3.04 2.5 0.55 1.3 0.63 2,4 - 
Sep 11.9. 8.11 0.98 7.7 0.95 6.9 I.50 5.6 - 3.3 - 1.6 - 2.2 - 
21.9. 8.0 7.9 7.5 - 6.5 4.0 ZO - 2.1 
1.1(1. 8.0 1.46 8.1 1.41 9.1 1.50 7.5 2.3(1 41 2.29 2.3 0.62 1.9 - 
Oc( II.10. 7.5 0.66 7.5 0,72 7.5 0.74 7.5 ((.9S 6.1 2.04 3.6 2.23 1.7 (1.25 
........ 21.1(1. ..__ 6.3 0.15 ... 6.2 __ 0.18 	........_. ......... 6.1 11.23 .... 	.......... 6.1 .... 0.29 .... 5,6 I.04 40 2.14 ...............1 ................. 2.9 1.84 . 
Ill. 4.0 0.45 3.9 0.47 4.0 0.48 4.3 0.40 4.3 0.13 3.1 0.06 2.5 0.07 
Nov IIII. 3,8 1.02 3.9 1.03 4.0 0.75 4.1 0.79 4.3 0.71 4.1 LIIG - - 
21.11. 4.1 0.94 4.5 ((.22 47 0.(19 4.6 011 4.6 0.23 4.5 0.89 
1.12. 3.1 0.46 3.1 0.42 3.1 0.42 3.2 0,15 3.2 0.17 - - - 
Dec 11.12. 0,4 0.04 0.5 0.22 0.9 0.78 I.I 0.93 - - - - - 
21.12.  
(lin IO nr 20 nr 30 n1 4O in 60 ni bl in 




Feb 11.2. - - - - - - - - - - - 	- 
............................... 21.2. I 	...I ............1 .. 1 	111 ..1 .... ...._ _. ... 	. 
1.3.  
Mar 11.3. 3.6 ((.21 3.6 0.18 3.6 0.16 - - 3.7 0.14 3.7 0.14 3.9 	0.26 
.............. 21.3. 1111.. 3.5 	... 0.23 3.6 O.20 .1111 	... 3.6 ...._... 	1111 . 0.17 	........ 3.6 0.12 ........ 3.7 .......... 0.09 ... 	1111 . 3.8 111 .1 ....... 0.11 ............ 3.9 	.. 	.. 
i.4. - - - - - - - - - - - 3.9 	- 
Apr I (.4 - - - - - - - - - - 3,9 
........ 2(4. 1111 1111 ._. 1111 1111 	1111 1111 .. 1111 . ................... .1111 .. .. 	... 3.9 	1111 . 1111 	1111 	1111 
1.5. - - - - - - - - - - 3.9 	- 
May 11.5. _ _ _ _ _ - _ 3.9 	- 
21.5. 
1111 	.. ............ . 11 ..1 .........__.. 
- .. 	..._ . _.._... 3,9 





Jun I1.6. 3.11 ((.46 3.2 0.16 3.4 0.10 3.5 0.07 3.7 0.((9 4,0 0.11 3.9 
21.6. .. 2.3 ........ 	.. 0.5O  1111.. 2.9 0.50 ....._... 3.4 ........ 0.05 3.5 ......._... 0.12 3.6 1111 . 0.06 ............. 3.7 0.05 1111 ... 3.9 	"... 
1.7. _ _ _ _ _ _ _ 1.9 	- 
Jul 11.7. - - - - - - - - - - - 3.9 	- 
.1111 _... 
21.7. 1111 ... ............. .. 	........ ....... _ 	1111 .._................ .. 	.....11 .11 __...... ._ 3.9 1111 	1111 .. 
IR. 
1 ...1 ..._..11. 
_ _ _ _ _ _ _ _ 3.9 _ 
Aug I 	I.N. 3.0 0.25 3.2 0,11 3.4 0.12 3.5 0.03 3.6 ((.05 3.9 0.66 3.9 	- 
21.8. 2.7 0.47 1111 .. 3.0 0.16 1111 .. 3.3 0.26  .................... 3.6 0.09 3.8 11 .11 _. 0.14 1111 . 4.1 ... 0.19 ._....... 	......__. 3.9 	- 
1.9. 2.8 - 3.0 - 3.3 - 3.5 - 3.7 - 4(l - 3.9 	- 
Sep 11.9. 2.9 - 3.1 - 3.3 - 3,5 - 3.6 3,9 - 3.9 	- 
.......... 21.9. ..__......_ 3.11 ..:........_.. 3.1 1111:1111 ... 3.3 1111 	... .....:.... 	.. 3A ... ....:............... 3.6 ... 	" 3,8 ... 	.........:_.. 3.9 ........ 	 - 
1.10. 3.1 - 3.1 - 3.2 - 3.4 - 3.5 - 331 - 3.9 	- 
Ocl 11.10. 3.1 0.12 3.2 0.12 3.2 0.11 3.3 0,14 3.5 0.20 3,7 0.23 3.9 	0.11 
............ 21.10. _ .  3.3 ......... 	............... 0,05 3.4 0,04 	• 1111 ... 3.4 1111 ... 0,01 1111 . 	_ 	1111 3.4 ................. Q02 3.5 0.(16 ................... 3.7 ._ 	1111 -  ". .. 	.....:...... 
(.1I. 3.3 - 3A - 3.4 - 3.4 - 3.5 3.7 - - - 
Nov II.1 	I. 3.3 0.27 3.4 0.14 3.5 0.15 3.5 0.17 3.5 0.20 3.6 0.30 - 	- 
........... 21.11. 1111 ... _.....__.. 3.4  0.11 .................... 3.4 0,08 3.3 .................................... 0.09 3.4  ......_........ 0,08 3.4 _ 	1111 . (1119 1111 _ 	1111 __ 
3.6 0,12 ............. - 	". 
1,12. 3.5 0.20 3.6 0.16 3.5 0.17 3.6 0.17 3,6 0.17 - - - 	- 
Dec 11.12. 3.5 0.03 3.5 0.04 3.5 0.04 3.5 0.04 - - - - - 	- 
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lan 11.1.  
21.1. 
1.2. - - - - - - - - - - - - - - - - 
Feb 11.2. - - - - - - - - - - - - - - - 
21.2. -0.2 0.02 -0.2 0.02 -0.2 0.02 -0.2 0.02 -0.1 0.09 2.3 0.63 3.7 0.13 
1.3. -0.2 - -(l.2 - 0.2 - -0.2 - 0.1 - 1.4 - 2.1 - - - 
Mar 11.3. -0.2 0.00 -0.2 0,00 -0.2 0.00 -0.2 0.00 0.3 0.94 0.4 0.37 Q6 0.27 0.5 0.45 
21.3. -0,0 -0.0 -0.1 -0.1 0.3 0.4 0.6 0,6 
1.4, 0.1 - 0.1 0.1 - 11.0 - 0,4 - 0.4 - 0,6 - 0.6 - 
Apr 11.4. 0.3 - 0.3 - 0.2 0.2 - 0.4 - 0.3 - 0.6 - 0.6 - 
............ 21.4. ........ 0.4 ...._.._... :...... 04 .......... ....: 	.... 0.3 ... 	... ...: .. ..........................0.3 0.4 ...............:..........._... 0.3 0.6 ..... .... .... 	 - 0.7 .. 	.......... -. 
1.5. 0.6 - 0.6 - 0.5 - 0.4 - (5 - 0.3 0.6 - 0.7 - 
Mny 11.5. 0.8 0.54 0.7 0.53 0.6 0.44 0.5 0.65 0.5 0.63 0.3 0.10 0.6 0.67 0.8 0.69 
21.5. 1.9 1.6 1.5 1.3 0.8 0.5 0.5 0.7 
1.6. 3.0 0.99 2.4 0.29 2.4 0.31 2.1 0.15 1.2 0.21 0.7 0.31 0.5 0.24 0.5 - 
Jun I1.6. 3.9 1.65 2.9 0.74 2.6 0.62 1 .9 1.14 1.4 0.90 0.6 0.56 0.4 0.21 04 0.23 
21.6. 6.7 2.59 5.4 1.60 3,9 1.38 3.0 0.74 2.1 0.56 0.8 0.63 0.5 0.23 0.4 0.12 
1.7. 6.1 0.51 7,5 0.72 4.7 1.58 3d0 1.26 2.1) 0.77 0.6 0.43 0.5 0.22 0.3 0.13 
Jul 11.7. 12.3 1.97 6.9 2.44 3.4 0.62 2.3 0.46 1.5 0.52 0.9 (1.54 1.0 0.86 1.2 1.41 
21.7. 12.8 2.99 10.6 2.15 5.5 2.02 3.6 .... 
 
1,21 2.7 0.68 1.9 1.10 2.7 1.52 2.6 1.41 
I.N. 16.1 1.06 14.6 1.56 6.2 3.00 2.8 1.07 1.7 0.43 1.7 0.29 1.2 0.63 1.6 1.12 
Aug 1 1.6. 14.7 2.18 13.2 3.45 5.5 2.51 3.3 0.98 2.6 0.79 2.5 1.45 2.6 1.44 2.5 1.45 
21.8. 13.9 1.15 13.1 0.96 7.6 3.49 3.2 1.46 2.0 099 1.6 0.91 2.3 0.66 2.11 
1.9. 12.1 1.05 11.9 0.94 9.9 1.89 4.5 1.30 3.2 0.74 2.9 1.59 2.9 1.50 3.1 11.89 
Sep 11.9. 10.5 0.38 10.5 0.53 9.1 - 5.4 - 3.3 - 2.5 - 2.7 - 3.0 - 
21.9. 9.1 • 9.1 1.4 6.3 3.4 2.1 2.5 2.8 
1.10. 7.11 0.78 7.7 0,86 7.6 0.80 7.3 1.13 3.5 2.112 1.8 0.99 2.3 1.19 2.7 0.86 
Oct 11.10. 7,8 (1.83 7.8 0.115 7.7 0.94 7.2 1.47 5.7 2.17 2.4 0.95 2.1 0b9 2.2 0.57 
21.10. 6.8 0.63 6.8 0.63 6.8 0.59 6.7 0.59 6.0 1.18 3.2 1.90 2.5 1.75 2.8 1.53 
1.11. 5.3 0.71 5.3 0.64 5.4 0.64 5.5 0.58 4.8 1.28 4.2 1.86 3.5 1.73 3.0 0.56 
Nov 11.11. 4.5 0.54 4.5 0.52 4.5 0.56 4.6 0.61 4,6 0.83 4.1 1.39 3.3 1.70 2B 1.06 
........ 21.11, I 	....... 3.4 .....................1.1.1..1.. 0.57 3.4 .. 0.59 .. 	1 	1.1..........1 3.5 11,58 .................................... 3,8 3.7 0 68 .1_1.............._.._1...1_... 0.96 4.0 0.59 ................._.................. 3.7 0.70 3,5 ...... 	.... 0.87 ........ 
1.12. 2.6 0.63 2.6 0.64 2.6 0.64 2.6 0.67 3.0 0.50 3.9 0.67 40 0.52 4.2 0.66 
Dec 11.12. III 0.59 LO 0.59 1.4 1) 10 1.7 0.34 19 0.34 2.0 0.29 19 0.33 1.3 0.10 
21.12. 
0ni lom 20m 30m 40m 60 in (Om I011m 
date S sd. S sd. S sd. S sd. S sd. S sd. S sd. S sd. 
lan 11.1.  
21.1. 1111..... 1111 	...... .............. 1111. .................._ . .. 	1111 ... 1111.... 	1111...... 1111.... 1111.. ............ 111.1.... 1111....... 1111 1111 	1111..... 
1.2.  
Feb 11.2. - - - - - - - - - - - - - - - 
........ 21.2. ........................ 3.4 0.10 1111 	.....__..... 3.4 0.11 .......... 3.4 .. 	................... 
	
0.12 	... 3.4 .. 0.11 3.4  _... 0.11 3.7 ............................_........_.. 0.15 4.1 0.06 ....._.... 1.111: 	1111 :... 
1.3. - - - - - - - - - - - - - - - 
Mar 11.3. 3.7 0.07 3.7 0.07 3.7 0.08 3.7 0.06 3.8 0.12 4.0 0.17 4.2 0.21 4.3 0.29 
........_ 21.3. ... 	... ............._ 1111... ,. .........._. ... 	............................ ................... ............... 1111 ... .........._...._..... 
Apr 111. - - - - - - - - - - - - - - - - 
..._.... 21.4. .. 	_ 1111... 1111 ..............._....... ......... .. 1111 _.......... .. 1.111... 1111 . 	.-... 1111... 	1111 1111. 	1111.. .. 	1111 
1.5. - - - - - - - - - - - - - - - - 
May 11.5. - - - - - - - - - - - - - 
1111 21.5. 1111... 11.1.1.. 1111 	.. 	........... 1111 .. 111.1. .._ 	1111 _ 1111... 1111.. 	1111 1111 1111... 	1111... .. ................... .................. 
1.6. 3.6 0.05 3.6 0.1M 3.6 0.06 3.6 0.07 3,8 0.03 4.2 0.14 4.4 0.14 - - 
lurr Ilb. 3.5 0.16 3.5 0.(5 3.5 0.16 3.6 0.11 3.8 0.16 4.2 0.06 4.3 0.06 4.5 0.05 
........ 21.6. 3.5 1111.. 0.04 . 	1.111. 3.5 0.1)3 ............. 3.6 0.02 ....................... 3.6 0.04 3.7 ............................... 0.01 3.9 ...................... 0.09 4.2 0.03  .................. 4.4 0.04 
1.7. - - - - - - - - - - - - - - 
Jul 11.7. - - - - - - - - - - - - - 
1111. 21.7. 1111. 	1111 3.4 . 	............:. 3.5 ............ - 3.6 ._......_..: 3.7 1:111.. 	... 3.))  .:. 4.0 ....... ............:.................. 4.3 1111 '................ 4.4 :... ... 	.. 
I.N. 3.4 - 3.5 - 3.6 - 3.7 - 3.11 - 4.1 - 4.3 - 4.4 - 
Aug II.9. 3.4 0.24 3.5 0.23 3.6 0.09 3.7 0.(15 3,11 0.08 4,1 0.108 4.3 0.07 4.4 0.09 
.. 	1111.. 21.9. 1111 	. 3.4 ........... .....:....._ 3.5 1111 	1111 . .....:..... 3.6 1111.  111.1:. 	_....... 3.7 1.111.: 	.. 3.N 1111... 11:11.. 	........... 4.1 ......:..... 4.3 1111... - 4.5 1111 11:11.. 
1.9. 3,5 0.12 3.5 0,13 3.5 0.16 3.6 0.07 3.8 0.07 4.2 0.13 4.4 0.17 4.5 0.18 
Scp 11.9. 3.5 - 3.5 - 3.5 - 3.6 - 3.11 - 4.2 - 4.4 - 4.4 - 
........... 21.9. 1111.. ... 3.5 - 	..................:.... 3.5 3.6 .......... _...:....................._.. 3.6 3.7 :........_..............:..._.. 4.1 - 4.3 . 	............ 1111: 4.4 - 
1.10. 3.5 0.11 3.5 0.11 3.6 0.09 3.6 0,13 3.7 0.16 4.1 0.07 4.3 0.09 4,4 0.09 
Oct 11.10. 3.5 0.14 3.5 0.12 3.5 0.14 3.6 0.19 3.8 0.22 4.1 0.20 4.2 0.16 4.3 0.17 
21.10. 3.6 0, (8 3.6 0.17 3.6 0.17 3.6 0.17 3.7 0.20 4.1 0.19 4.3 0.06 4.5 0.03 
1.1 	1, 3.4 0.14 3.4 0.12 3.4 0.13 3.6 0.09 3.7 0.12 4.0 0.17 4.2 0.16 4.2 0.10 
Nov II.II. 3.6 0.11 3.6 0.11 3.6 0.15 3.6 0.14 3.7 0.13 3.9 0.14 4.2 0.14 4,2 0.15 
......... 211 	1. .  3.4 ......... 0.14 .. 	... 3.4 0.15 _................ 3.5 0.16 3.5  ........... 0.19 1111.. 3.7 0.15 1.111... 4.0 0.14 .........................._.... 4.2 0.11 1111 	1111 4.3 1111.    0.11 
1.12. 3.4 0.14 3.4 0.14 3.4 0.14 3.4 0.11 3.7 0.25 4.0 0.20 4.1 0.14 4.3 0.09 
Dec 11.12. 3.6 0.07 3.6 0.117 3.6 0.06 3.6 0,05 3.6 0.04 3.7 0.13 4.1 0.11 4.3 0.08 
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Table 22. Sea water temperature and salinity statistics from station SRS. 
0 in 10 m 20 m 30 ni 4) n) 60 m 80 m IO(l ni 
date T nd. T sd. T sd. T sd. T sd. T sd. T xd. T sd. 
I.I. 3.2 0.56 29 003 2,9 0.03 2.9 0.04 2.9 0,04 3.0 0.19 3.4 0.22 - - 
Jan II.I. I.a 0.75 2.0 0.72 2.0 0.71 2.2 0.56 2.4 0.43 2.5 1).33 3.2 0.56 3.6 0.63 
21.1. 1 .1 0.99 1.1 0.99 1.1 096 1.3 0.95 1.2 6 6O 2.7 042 3.1 0.33 3.6 0.46 
1.2. 0,7 0.7 - 0.8 - 0.9 - 0.9 - 2.4 - 3.0 - 3.6 - 
Feb 11.2. 0.4 - 0.4 - 0.5 0.6 - 0.6 - 2.2 - 2.8 - 3.5 - 
21.2. 0.1 0.1 0.2 0.2 0.3 1.9 2.7 3.3 
1.3. -0.2 0.03 -0.2 0.04 -0.1 0.10 -0.1 0.13 0.0 0.35 1.7 0.94 2.6 0.39 3.2 - 
Mar 11.3. 0.4 0.52 0.4 0.55 0.4 0.54 -0.1 - 0.5 0.53 1.1 0.47 2.3 0.27 3.1 0.67 
21,3, 0.1 11.12 -0.1 0.13 -0.1 0.15 -0.1 0.12 -0.1 0.16 0.8 0.90 2.4 0.68 2.6 0.38 
I.J. 0.1 0.08 0.3 0.61 0.3 0.62 0.1 0.06 0.1 0.05 0.5 0.78 I.9 0.56 2.9 0.06 
Apr 11.4. -0.0 0.14 •0.1 0.13 .0.1 0.12 -(3.1 0.14 0.0 0.46 0.4 0.96 1.6 l.9 2.9 0.15 
21.4. ..... 0.6 .... 	I 	...................._ U.S_ .... 	... 0.4 ........... (l.3 .. _.... 0.4 ....... ........ (l.7 1.11 _....... 2.8 ...... - .. 
1.5. .3 1.0 - 0.N 
.. 	._.,........ 
11,8 - 0.8 
... 1....1.1.1 
I.1) 2.0 . 2.7 - 
May 11.5, 1.9 1.62 1.6 1.69 13 1.46 1.2 1.42 1.2 1.37 1.3 0.96 2.2 0.62 2.6 0.91 
. 	1111... 21.5. 2.9  ..._ 1.17 _ 	.. 	1111 2.5 _1111 1.33 ...__... 	1111 2.2 1.19 _11_111111._. 2.1 1.09 1111... 1.9  11_11 0.96 1.9 0.18 19 11___.....1 (1.7(1 .............. 2.4 -.. 0.66 _...... 
I.G. 4.5 1.25 33) 1.04 3.3 0.95 2.6 1.12 2.2 .117 1.6 (1.50 2.1 0.64 2.0 (1.36 
Jun I1.6. 5.5 1.96 4.9 1.66 3.9 1.03 3.2 (1.9(1 2.5 0.72 1.9 0.71 2.2 0.61 2.11 (1.62 
21.6. 7.8 1.15 1111 7.3 1111. 	1111_ 1.1(1 5.6 (1}9)  .................. 4.0 0.89 1111 	1111. 3.1 11.60 1.9 ........... 0.43 ._.. 1.7 .. 	1111.. (1.51) 1.9 0.32 .. 	1111... 
1.7. 1 1_4 1.42 9.3 2.14 5.7 1.84 3,8 (1.75 3.4 11.69 2.0 (1.34 2.1 0.40 2.3 0.46 
Jul 11.7. 14.4 1.45 11,9 3.50 5.6 1.95 3.9 1.39 3.2 L(%) 2.1 0.72 2.3 0.56 2.4 0.57 
21.7. __1...... 15.4 .1..111..._ 	._ 2.69 .... 14.0 ............................... 2.30 7.7 1.99 4.6 1_111. 1.35 3.3 ........ ...  1.16 2.2 0.85 2.6 ..........__._ 11.81 1111 2.7 ._......... 0.47 
I.H. 16.0 0,90 14.4 1.99 7.(1 3.71 3.9 0.71 3.5 0.70 2.4 0.97 2.2 0.51 2.2 0.36 
Aug 11.9. 15.1 1.61 14.4 2.42 6.4 3.69 3.1 1.60 2.6 1.16 1.7 0.94 2.3 0.77 2.2 11.52 
..._ 21.8. ........_..1111......_ 14.4 1.65 ................. 14.1) 2.17 	....... 9.5 4.41)  ._ 4.9 ........... 1.74 	.......... 3.4 1.29 _1111. 2.2 ........... 0.62 2.6  ... 0.9 ) 2.8 11.92 ... 
1.9. 15.0 1.79 14.11 1.96 9.4 2.29 3.7 0.32 2.4 0.60 2.2 0.26 2.7 0.72 2.9 0.93 
Sep 11.9. 14.3 1.42 14.2 1.41 9.6 0.45 7.0 0.1)9 4.4 0.72 3.1) 0.31 3.3 0.72 2.9 
_1111.. 21.9. 1111._. I1.3  1.68 .._.._........ 11.3 ... 	1111. 1.70 1111... 9.7 ........ 2.83 1111._.__. 4.7 _ .. 2.50 ......... 21 1111. ... 0.47 ............. 2.4 1.10 1111 	1111.. 3.0 0.55 ..__........... 2.9 0.37 
1.10. 10.7 1.53 I1.0 1.39 10,7 1.59 9.2 2,91 1.6 1,88 2.1 1,07 2.7 (1.71 3.2 
........__.__. 
0.33 
OLI 11.10. 9.0 1.19 11.1 1.24 9.1 1.28 6.11 2,10 3.3 1.42 2.2 0.57 2.4 0.61 2.9 0.90 
......... 21.10. ........................ 6.7 0.39 6.7 0.40 6.7  ................ 0.44 6.5 ... 0.32 ......... 4.5 LNH  ... 2.3 1111. 0.519 .. 	1111... 2.6 ............ (1.91 1111... 3.0 0.41 1111... 
1.11. 5.8 .05 5.8 1.115 5.7 .05 5.11 1.04 5.4 (1.72 2.9 I. O0 2.9 0.95 3.5 0.95 
Nov 11.11. 4.8 0.98 4.8 0.90 4.7 (1.70 4.6 0.82 4.2 1.05 2.4 0,49 2.9 0.45 3,3 0.63 
21.11. 4.7 0.96 4.7 1,07 _ ............. 4.7 .. 1.07 ................. 4.7 1.05 1111. 4.6 _.. 1.05 	................. 3.11 0.98 4.1 1111.. 0.97 _ _. 4.3 .. 	........... (1.97 
1.12. 3.9 0.50 3.9 0,50 3.9 0.48 311 0.43 3.6 0.39 3.0 0.72 3.0 0.54 3.3 0.29 
Dec 11.12. 3.2 0.30 3.2 (1.29 3.2 0.3(1 3.2 0.29 3.3 0.24 3.1 11.77 3.0 1.15 2.7 0.86 
21.12.  
0 ni 10 ni 2(1 ni 30 m 40 ni 60 ni 90 ni 100 nr 
dine S ,J. S id. S id. S id. S id. S .id. S id. S id. 
Air 11.1. _ _ _ _ _ 
21.1. 
Fcb 11.2. - - - - - - - - - - - - - - - 
21.2. 
1.3. 5.9 0.07 5.9 0.09 6.0 0.211 6.0 0.20 6.0 0.20 6.3 0.39 6.6 0.28 - - 
Mnr 11.3. 6.1 0.12 6.0 0.11 6.0 0.11 6.0 - 6.1 (1.11) 6.1 0.1(1 6.4 0.03 6.7 0.12 
213. 1111 	... 6.0 ........ 0.17 .. 	11__11. 6.0 1111_. 0.16 _............ 6.0 	......... 0.15 6.0 _ 0.12 1111. 6.0 11.......11 0.11 6.2 ....... 0.23 1111.. 6.5 ... 0.24 Eri ... 0.16 .. ........ 
1.4. 6.1 0.14 6.1 0.01 6.1 001 6.1 0.01 6.1 0.01 6.2 (1.14 6.7 ((.05 6.8 0.01 
Apr 11.4. 6.0 0.08 6.0 11.03 60 0.04 6.0 0.04 6.0 1(03 6.1 0.22 6.4 0.32 6.8 0.16 
.__ 21.4. ......... 5.9 ........... 1111" 5.9 5.9 1111. 59 ._._ .:. .. ... 6.0 1111.. ..."1111. .. 6.1 - .. 6A ... 	._. 	.....:...... 6.7 
1.5. 5.8 - 5.9 - 5.9 - 5.9 - 5.9 - 6(1 - 6.3 - 6.6 - 
May 11.5. 5.9 0.33 5.8 0.26 5.9 ((.23 5.8 0.23 5.9 11.23 6.0 0.17 6.3 0.11) 6.5 0.24 
._._...... 21.5. 1111.. 5,9 1111 0.24 ............ 5.9 0.25 5.9 ............_ (( 23 ............... 5.') 0.19 1111... _ 6.0 0.19 6.1   " 6.5 : 6.7 .. 	.........._..... 111:1.. 
1.G. 5.9 0.06 5.9 0.05 6.11 0.05 6.0 0.04 6.0 0.05 6.2 0.19 6.7 0.16 7,0 0.07 
Jun 11.6. 5,8 0.17 5.9 0.12 5.9 0.11 5.9 0.11 5.9 0.12 6.0 11.17 6.5 0.17 6.8 0.22 
21.6. 1111.. 5.8 11..11........... 0.16 ._ 5.9 0.12 5.9 0.11 5.9 0.10 5.9 0.111 6.0 0.11 6.4 0.20 6.7 11.30 
1.7. 6.0 0.1W 6(1 0.03 6.0 0.05 6.1 0.01 6.1 0.1(1 6.1 0.04 6.5 0.12 69 11.12 
Jul 11.7. 6.0 0.04 6.0 0.05 6.0 0.07 6.0 ((.05 6.0 0.(13 6,1 0.05 6.5 0.11 6.8 (1.I8 
.. 21.7. 1111._.. 5.9 1111 	1111 0.12 5.9 0.12 5.9 0.08  ........._. 5.9 0.13 6.0 ........ 0.12 6,2  1111... 0.21 ... 6.6 _.. 0.25 6.9 0.24  1111 	_.. 
1.11. 5.6 0.38 5.9 0.12 6.0 11.15 6.0 0.10 6.0 0.11 6.2 0.23 6.7 0.35 6.9 0.23 
Aug I1.8. 5.9 0.13 5.8 0.13 5.8 0,10 5.9 0.09 6.0 0.09 6.2 0.29 6.6 0,19 6.9 0.21 
............ 21.8. _1111.. 5.9 .._ 0.09 ................ 5.9 0.11 5.9 1111 D.1)9 6.0 	......... 0,05 6.0 1111 1111. 0.05 1111 	1111.. 6.3 ((.19 1111.. 	1111... 6.7 ..._..._................ 0.17 6.9 ((.20 .. 
1.9. 5.9 - 5.9 - 5,9 - 6.0 - 60 . 6.3 - 6.7 - 6.9 
Sep 11.9. 58 - 5.9 - 5.9 - 5.9 - 6.0 - 6.3 - 6.7 - 6.9 - 
21.9. 5.11 .......... 0.13 ........ 5.8 0.13 5.9 ... 0.1 I .._...._.. 5.9 0.08 1111........... 6.0 .. ((.10 1111..._ 6.3 ... 0.29 6.7 0.33 .. 	.._........._... 6.9 0.29 1111........ 
1.1(1. 5.7 0.19 5.7 0.17 5.7 0.17 5.11 0.14 5.9 0.10 6.1 ((.23 6.5 ((.26 6.9 0.19 
0,( 11.10. 5.8 0.10 5.9 0.11 5.8 0.11 5.9 0.13 6.1 0.15 6.5 0.22 6,8 0.2(1 69 0.20 
21.10. _... 5.7 0.23 .. 	.. 	.._.__...._....._ 5.8 _ 0.15 ............ 5.8 ........   0.14 5.8 0,14  1111 6.0  1111 ((.26 ... 6.5 1111 0.26 1111 6.9 .. ((.2(1 1111 7.1 ((.21 
1.1 	I. 5,9 0.16 5.9 0.12 5.9 0.13 5.9 0.15 6.0 0.23 6.5 0.30 6.11 0.22 7.1 0.21 
Nov 11.I 	I. 5.8 0.21 5.8 0.19 5.9 0.09 5.9 0.09 6.0 0.08 6.4 0.20 6.9 0.21 6.9 0.21 
1111.. 21.11. 5.8 1111... 	...._ :..... 5.8 .................: .._........._ 5.9 .-  ... 	. 	... 59 1111 : 	... 6.0 - 	.............. 6.4 - 6.7  1111 1111 	- 	1111 69 1111..  ". 
1.12. 5,8 0.2(1 5.8 0.19 5.9 0.18 5.9 0.16 6.0 0.15 6.3 0.20 6.7 0.21 6.9 0.15 
Dec 11.12. 5.8 0.011 5.8 0(19 5.8 0.08 5.8 0.09 59 QON 6.1 0.20 6.6 0.20 6.7 0.17 
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Table 25. Sea water temperature and salinity statistics from station LL3A 
am IOM 20 ni 30m 4l) ni 6) m 
Jalo T ..J. T ..d. T d. T .d. T d. 1.  sd. 
Jr 11.1. 0.9 11,91 0.9 ().94 1.0 0.92 1.5 11.64 ?.I O.31 - - 
21.1. • 0.4 U.54 0.5 11.67 0.6 0.72 0.9 • 0.76 I.0 0.97 
1.2. 0.3 - Il.•I - 0.5 - O.H - I.0 - 
Pcb 11.2. 0,3 - 11,4 O.4 - (1,7 - L) - - 
21.2. (1.2 O? - 0.4 O.6 III - 
("t, ().2 - 0.2 - 0.3 - 0,6 L(1 - 
1 	r 1 LJ. 0.1 ).?5 0,1 0.?3 0.2 O.44 O,S 0.?S 1.1 0.66 2.4 I O7 
21,3. -0.2 0.111 -(),2 1)05 -0.2 QOK 0.6 - (1.3 1.11 2.0 0.67 
I.4. 0.0 0.10 -0.2 0,()6 I ).() - 0.7 - 0.6 - 2.1 - 
Apr 11.4. 11.7 0,1 - 0.3 - 0.6 - (1,9 - 2.1 - 
21.4. IA 0.7 - 0.5 9 - I.I 2.1 - 
1.5. 2.(1 1.20 1.1 0.K4 0.0 11.66 1.0 O.5) 1.4 0.70 2.2 0.66 
M.iy 11,5. ?,2 1.23 2? 1,17 0.8 0.&1 I.? O.47 I.4 0.21 1.1 (1.72 
21,5. 5.1 1.72 3.0 1117 2.1 ..... .3 ..... (.6 ((.49 2.6 0.72 
1.6. 0.9 2 32 6.1 1.97 2.9 1.77 1.9 ((.SK 1.9 0.5(1 1.7 OS9 
Jun 11.6. 9.5 1.51 9.2 1.24 4.9 ((.92 2.11 0,92 211 (1.)6 3.11 0.71 
21.6. 12.0 11.81 9.2 11.25 5,(1 2.2 - 2.1 - 1.1 
1.7. 11.8 - 111.5 - 5.1 - 2,1 2.2 3.1 - 
Jul 11.7. 14.0 1.37 I I.7 4.06 5.2 7.54 2.5 (.(7) 2.3 11.75 3.2 0.58 
21.7. 17.11 1.43 12.9 3.50 7.1 5.07 3.8 1.70 2.1 1.12 2"4 0.70 
I.H. 16.5 1.91 15.5 2.23 7.9 1,46 3.7 (.87 2.6 094 2.9 11.79 
Aug II.N. 16.1 2.97 17.0 3.96 5.6 1A5 3.5 1.64 20 ((.70 2.9 ((.07 
21.8. 15,1 0)9() 14.6 ((.09 I 	I.1 1 O7 4.S 2.02 2.6 0.75 2A (I 	I5 
(.9. 14.7 14.4 - I 	((I - 41) - 1J) - 2.6 
Scp 11.9. 14.3 1.51 1411 1.5(1 ILA 3.39 5.7 2.35 3.5 1.1(1 2.9 ((.55 
21.9. 12.2 - 12.1 I(l.1 - 5,1 - t,l 
1.10. 10,11 1.19 10.2 ......... - 9.2 - 4.9 - 3.7 - 1.4 ((.52 
Oct 11.10. 6.3 0.2(1 0.3 0,22 8.3 0.26 4.7 0.10 5.7 0.79 2.6 0.11) 
21.10. 7.6 0.91 7.8 0,79 7.6 ((.79 7"S I (16 6.1 • 1,23 3J) 037 
I.I 	I. 6.5 - 6.5 - 6.7 - 7.2 - 5.7 3  - 
Nov 11.11. 5.5 ((II 5.3 1(1) 5.6 (.11 6,9 - 5.4 494 -(.7 - 
21.11. 6.1 0.55 6.4 0.5.1 6.4 (1,}0 6.5 IIA1 6.7 0.61 5,5 0.61 
1.12. d,8 - - - - - - - 
Dce 11.12. ?.3 ((.65 - - - - - - - 
21.12. - _ _ - 
(1 m IO ni 2(1 nl 3(1 m 4(1 m 60 in 
dale S -.J. S d. S 
- 
J. S d. S 'd. S 'J. 
Jan 11.1. 5.2 O,14) 5,2 0.41 5.2 ((.46 5.5 0.51 5,9 ((.86 - - 
21.1. 5.4 ((.25 5.5 q16 5.5 11.16 5.6 (1.16 5.7 (1.10 
1.2. 5.1 - 5,4 - 5.5 - 5.6 - 5.0 - - 
Feb 11.2. 4.0 - 5.4 - 5.4 -. 7.6 - 5.9 - - - 
21.2. 4.5 - 5.3 5.4 5.6 - 6.11 - - 
I.?. 4.2 - 5.2 - 5.4 - 5.5 - 6.1 - - - 
Mar 11.1. l.9 I.52 5.2 Q46 5,3 11.54 5.5 ((.65 6,2 11.76 7.11 ((.0(1 
21.?. 3.8 2.75 5.6 11.43 6.0 0.16 5.6 6,5 0,10 7.2 0.73 
(.4 4,11 - 5A 11.2(1 5.9 - 5.6 - 6.6 - 7,7 
Apr .4 4.2 - 5.1 - 5.7 5.7 - 6.6 7.6 - 
21.4. 4.4 5,2 - 5.6 5.9 6.6 - 7.6 
1.5. 4.7 0.59 5.1 ((.17 5.4 ((3(1 5.0 ((.01 6.7 Q36 7.5 ((.79 
May 11.5, 4.5 (1,12 5,(1 0.33 5!) (1.17 6.4 ((.11 6.9 0.11 0.-I (1.15 
21.5. 4.7 1.13 4.9 0.18 5,9 (1.27 6.5 0.17 6.9 ((.27 9.1 ((.26 
1.6. 4.0 11.59 5.0 0.57 5.9 ((.37 6,6 034 7.2 0.31 riA - 
Jun I (.6. S 1 0.19 5.4 0(9) 5.6 0.10 6.2 Il"27 6.9 ((.22 9.5 0.17 
21.6. 5.1 5.4 - 5.7 - 6.? 7.0 - 0.5 
1.7. 5.7 - 5.4 - 5.7 6.1 - 7.1 - 9.-I - 
lul 11.7. 5.1 5.4 - 5.0 - 6.4 - 7.1 - 0.4 - 
21.7. 5.3 4611 5.4 (1.61 5.9 0.29 6.5 11.24 7.2 0.15 9.3 0,40 
%. 4.9 11.44 5,11 ((.57 5.7 ((.30 6.4 ((.46 6.9 0.52 0.1 0,45 
Aug I11i. 4.5 0,46 4.7 ((.29 5.6 ((.59 6.5 0.63 7.1 ((.19 7.7 ((.74 
219. 5.0 (1.46 5.1 030 5.5 0.2(1 6.1 (l,6(1 6.9 UJU 79 0.31 
1.9. 5.0 - 5.1 - 5.5 - 6.1 - 6.9 - XO - 
Scp 11.9. 5,1 0.50 5.2 OA9 5.6 U,00 6,3 0.65 6.9 0.83 0.1 1.21 
21.9. 5.4 - 5.3 5.6 - 6.5 69 7.0 
I. 	((1. 5.7 ((.22 5.5 - 5.6 6.6 7.1 - 7.6 0.51 
Ud I 	I. 	I(1. 5.6 ((.05 5.6 0.04 5.6 0.02 6.7 ((.19) 7.1 0.21 0.3 0.(16 
21.10. 5,7 (1.79 5.5 ((.14 5,5 ((.66 5.8 0.44 6.2 (1,41 7.1 ((.38 
1.11. 5.7 - 5,5 - 5"6 - 5.0 - 6.1 - 6.9 - 
Nov 11.1 	). 5.7 - 5.6 - 5,7 5,9 - 6.1 - 6.0 - 
21.11. 5.7 0.114 5.7 11.07 5.7 QO] 5.e ((.12 6.0 0.25 6.7 0.29 
1.12. 5.6 - - - - - - - - 
Dec 11.12. 5.6 0.49 - - - - - - - - - 
21.12. - - - - 
113 
114 
Table 26. Sea water temperature and salinity statistics from station LL7. 
0n) I0 ni 20 rn 30M 4) m 60m N() ni 
date T sd. T sd. T sd. T sd. T sd. T id. T 	.sd. 
Jan III. 0,7 1.22 O.N 1.18 0.9 1.16 1.1 1.19 1.6 136 3.7 O.62 - 	- 
21.1. 0.9 1.(12 1.3 ).Hd 1.4 0.9(1 1.6 1.11 2.0 0.94 2.9 1.12 
1.2. 0.7 - id) - 1.1 - .4 - 1.9 - 2.N - - 
Feb 11.2. OS - (1.7 - 0.9 1.1 - 1.7 - 2.7 - - 	- 
21.2. 0.3 0.4 - 0.6 0.9 1.5 2.6 - 
1.3. 0.1 0.70 0.1 0.69 0.4 - 0.7 - I.? - 2.4 - - 	- 
MlIr 11.3. -(1.0 O34 -0.1 016 0.1 0.43 0.4 0.72 1.1 0.66 2.3 0.x7 - 	- 
21.3. -0.2 0.03 0.3 0.05 -0.3 0.115 -0.2 0.12 0.1 013(1 1.2 0.71 - 
1.4. 0.4 0.99 0.2 0.x0 0.4 0.87 0.2 - 13 1.25 3.7 1.04 - 	- 
Apr 11.1. 0.7 O47 0.4 0.43 (3.4 ).4x 0.6 (I.3x 1.2 0.66 1.7 0.2(r - 
21A. 0.4 0,44 1)4 0.45 0.2 0.37 0.3 0.61 0.7 (1.9) 2.3 0.99 
1.5. 2.7 1.42 1.7 0.76 0.0 0.73 (1.7 0.55 0.8 0.46 2.3 0.02 - 	- 
May 11.5. 4.6 1.1 	I 3.0 1.34 1.7 1.65 1.2 1.21) I.I 0.52 3.0 0.65 - 	- 
21.5. 5.4 1.29 4x 1.20 2.0 2.24 0.0 0.91 0.8 0.29 2.3 0.30 
1.6. 11.9 2.00 6.4 1.43 3.5 1.63 1.9 I.II 1.4 0.73 2.9 0.94 - 	- 
Jun I1.6. 10.3 .63 7.5 1.72 4.2 1.74 2.4 0.59 1.9 O.79 2.0 0.63 - 	- 
21.6. 1.1.8 3.43 9.3 3,01 5.0 2.70 2.7 1.36 2.3 0.100 3.5 1.26 
1.7. 15)0 3.61 I1.0 3.(0) 4.7 2Ax 2.3 0.06 1.7 0.431 2.7 0.62 - 	- 
Jul 11.7. 15.5 2.40 12 N 2.12 0.0 4.44 3.2 1.5,1 2.3 0.07 3.1 0.71 3.0 	0.47 
21.7. 15.9 1.85 13 0 2.59 0.5 3,49 4.7 2.74 2.2 1.13 2.4 0.82 3.9 	0.43 
I.N. 16.0 1.17 14.6 2.49 10.1 3.56 5.3 2.48 3 O 0.97 2.4 0.74 3.5 	0.(16 
Aug II.)). 16.0 2.71 14.5 3.53 7.3 3.931 3.6 2.79 21) 0.59 2.5 0.91 3.5 	- 
21.N. 15.7 1.33 15.2 1.79 1 0-1 4.40 69 4.62 4.2 3.07 2.9 0.77 3.6 
Ii) 15.1 0.56 14.9 0.62 1 	I.) 2.04 3.6 0.96 2.7 0.26 3.0 0.64 3.6 	- 
Scp 11.9. 13.7 1.63 13.6 LOS 10.5 3.S2 4.0 2.34 2.7 0.36 3.0 0.66 3.6 	- 
21.9. 11.6 1.77 11.7 1.97 10.1 3,34 5,4 2.22 3.1 0.95 3.0 0.75 3.6 
I.10. 10.9 1.30 10.7 1.45 9.)) 2.16 0.1 3.10 3.6 0.66 2:) 0,18 - 	- 
Ocl 11.10. 9.9 I.02 10.0 1.78 9)t 2.26 0.4 3.13 6.0 3.75 4.4 1,89 - 	- 
2).10. 8.0 1.43 9O 1.42 119 1.48 9.8 .66 7.2 2.S`) 4.0 1.13 
III. XI 0.96 9.2 1.16 9.3 1.17 8.0 1.10 7.9 2.19 5.1 1.65 - 	- 
Nec II.11. 7.7 - 7.4 - 7.5 - 7.4 - 7.2 - 5.6 - - 
21.11. 7.0 1.(9 6.6 1.29 6.7 1.27 6.7 1.32 6.5 1.12 6.1 .03 
1.12. 4.3 0.79 4.2 0.73 4.5 0.74 4.6 0.63 5.1 0.51 5.2 0.42 - 
Dec 11.12. 3.1) 0.50 3.3 1.07 3.3 0.06 4.1 0.19 4.3 1.53 1.6 0.55 - 	- 
21.)2. 1.4 0.07 5.2 0.64 5.2 0.72 - - - - - - - 	- 
Ont I0 ni 20 nr 30m 4)) nr 60. 00 in 
d:uc S ad. S sd. S sd. S id. S sd. S sd. S 	stl. 
J;m II.). 6.1 0.31 6.2 0.25 6.3 0.30 6.6 0.39 6.)) 0.41 7.7 1.03 - 
21.1. 6.1 	......._.._........ 0.23 6.1 0.24 .. _.. 	.. 6.1 0.22 6.2 ...... 0.20 ......_ 6.3 ....... 0.Ix .. 6.6 ...................................... 0.03 ..".. 
1.2. 6.1 - 6.1 - 6.1 - 6.3 - 6.4 - 6.)) - - 	- 
Feb 11.2. 6.2 - 6.2 - 6.1 - 6.3 - 6.5 - 6.9 - - 	- 
21.2. 6.3 6.3 6.1 - 6.3 6.5 7.1 
1.3. 6.3 0.35 6.3 (1.34 6.1 - 6.4 - 6.6 7.3 - - 	- 
Mar 11.3. 5.9 0.2)) 5,9 0.37 6.0 0.37 6.4 0.49 6.7 0.11 7.5 0.36 - 
21.3. 6.0 0.37 6.1 0.39 6.2 0.33 6.2 0.40 6.5 0.13 7.4 0.93 - 
1.1. 5.6 0.23 5.)) 0.19 6.0 - 6.2 - 6.7 0.64 7.3 - - 
Apr 11.4. 5.4 0.58 5)) 0.2)) 5.6 0.30 6.2 (1.35 6.N 0.24 7.3 0.13 - 	- 
21.4. 5.9 0.36 5.9 0.36 6.2 0.31 6.6 0.37 6.3 31.40 3.)) 0.55 
1.5. 5.3 0.51 5.6 0.44 6.0 0.45 6.4 0.32 6.9 31.33 7.9 0.69 - 	- 
May I1.5. 5.3 0.22 5.5 11.41 6.1 0.46 6.5 0.36 7.0 0.16 8.2 0.17 - 	- 
21.5. 5.4 0.54 5.6 0.49 6.3 0.46 6.9 0.32 7.1 0.33 8.) 0,27 
I.6. 5.3 0.51 5,5 0.46 6.1 0.50 6.)) 0.44 7.3 0.23 8.5 0.x8 - 	- 
Jun 11.6. 5.N 0,27 6.0 0.13 6.5 0.30 6.9 0.21 7.3 0.19 31.7 0.99 - 	- 
21.6. 5.1 5.3 6.0 6.6 7.2 59 
1.7. 4.5 0.40 4.7 0.51 5.5 0.26 6.4 0.20 7.0 0.07 9.0 - - 	- 
Jul 11.7. 4.)) 0.61 5.0 0.37 5.6 0.35 6.5 0.20 7.1 0,19 9.1 1.04 - 
21.7. 6.1 0.60 6.2 (3 (1) 6.5 0A2 6.7 0.26 7.2 ...................................... 0.29 N.4 0,46 I........... I...... _ 	........ 
I.N. 5.7 0.50 5.9 0.41 6.3 0.25 6.6 1)40 7.1 03.40 3.0 0.39 - 	- 
Aug II.9. 5.3 (3.46 5.4 0.45 6.1 0,45 6.7 0.6(1 7.2 0.50 3.1 0.61 - 	- 
21.N. 5.5 0.39 5.6 (1.30 6.2 0.50 6.7 0.6)) 7.2 0.54 6.5 (1.69 
1.9. 5.6 0.6) 5.7 0.64 5.9 0.59 7.0 0.36 7.4 0.32 0.3 (1.92 - 	- 
Sep 119. 6.0 0.54 6.1 0.53 6.5 0,45 61) 0.53 7.4 0.48 S.I 0.84 - 
21.9. 5.9 0.61 5.9 0.68 6.1 0,65 6.6 0.52 7.3 0.44 7.9 0.19 
1.10. 6.3 0.46 6.3 0.51 6.5 0.29 6.7 03)) 7.2 0.31 7.7 0.47 - 	- 
Oct 11.10. 6.4 0.24 6.3 1).26 6.5 0.36 6.9 0.50 7.2 0.49 7.5 0.79 - 	- 
21.10. 5.9 31.77 59 0.62 6.0 0.50 6.) 0.69 6.0 0.61 7.6 0.67 
I.) 	I. 6.2 0.35 6.3 0.34 6.1 0.34 6.5 0.35 6.9 038 7.3 0.63 - 
Nov I 	I.I 	I. 6.3 - 6.4 6.4 - - - - - - - - 	- 
21.11. 6.5 0.03 6.5 0.1$) 6.5 0.17 - 
1.12. 6.3 5.5 - 5.6 - - - - - - - - 	- 
Dec 11.12. 6.1 0.48 4.5 - 4.6 - - - - - - - 
21.12. 3.4 11.69 3.5 0.00 3.6 1.00 
Table 27. Sea water temperature and salilnity statistics from station LLI I 
0m Il) nt 20 in 3O, 40 m 61m 
dale T sd. T sd. T .d. T sd. T 'd. T sd. 
J:m II.I. 1.6 1.43 1.6 1.24 I. 1.16 2.2 1.(X) 2.5 O.H6 3.4 1.03 
21.1. 1.3 • 1,07 1.4 1.28 1.5  • 1.25 1.7 1.29 1.3 1.42 2.6 1.91) 
1.2. 1.1 - 1.2 1.3 - 1.6 1.7 - 2.6 - 
Fcb 11.2. I1) - I.(1 - I.) 1.4 1.7 2.7 - 
21.2. 1.9 IJ.H - 0.9 - .3 - 1.6 2.7 
1.1. 0.7 - 0.6 0.7 - 1.2 I i - 2.)) - 
Mar I 	I.1. 11.6 475 114 11.92 11.5 0,97 I.I 11)-I 1.4 11.65 2.8 (1.57 
21.3. 0.0 	• 0.45 11.1 ..... l)) 11.42 0.)) )),I)) 0.3•  11,50 1.5 11)6 
1.4. 0!) 1.36 11.4 11.82 11.5 11.90 -II.) 11.12 0.7 (1.97 2.1 
Apr II.4. 44 11.17 11.3 0.15 1I.1 11.39 0.2 0.37 Q4 11.61 2.7 11.99 
21.4. 0.9 0.2(1 1111 	• 11.28 11.5 0.41 • (1.3 0.4O 11.5 11,9) I.)) Il)) 
1.5. 2.5 11)1 211 0.94 1.3 11.75 (ly 11.55 OX 11.53 2.4 Iii) 
My I 	I.5. .9 1.27 1,6 1.2(1 2.2 1.23 1.4 I A6 1.2 1192 2.6 1.211 
21.5. 511 •I.49 4O 0.57 2.8 UIX 1.2 11.1)1 II.)) 11,57 1.5 11.63 
1.6. 7.6 1.43 6.0 I.6)) 3.4 1.38 2.1 1.(11 1.5 11.70 2.7 131 
lun 11.6. 1)1.5 1.64 ))) 1.14 4.5 179 3.4 1.1111 2.9 1.47 3.2 11.79 
21.6. • 13.1) 2.43 9.4 1.41 5.9 1.93 3.(1 1.56 19 11.89 2.4 0.91 
1.7. 13.5 3.01 11.4 2.46 6.0 I.69 2.11 11.U9 I.9 1)58 2.7 11.63 
Jul 11.7. 16.1 2.13 12.1) 2.3) 5.2 3.21 3.2 1.69 2.3 11.97 2.7 11,74 
21.7. 15.3 1.61 13.5 .... 0.0 3.04 3.)) 1.94 2.1 1.33 • 1.7 0)94 
I.X. 16.2 1.97 14.6 2.59 9.2 3.70 4.2 2.31 2.7 1.15 2.2 1).7(1 
Aug II.)). 17.1 2.19 15.5 2.7(1 7.6 3.21 3.6 1.49 2.6 116) 2.6 0.94 
21.8. • 15.4 1.52 15.1 16) 10.5 4.69 5.9 2.75 3.6 1.49 2.6 1).89 
1.9. 15.7 1.491 14.6 1,27 11 .1 4.51 7.7 5.04 JII 219 11) 11.62 
Sep 11.9. 13.5 197 13,3 2.13 111.7 3.34 6.0 3.84 4.5 3.91 3.2 1).64 
21.9. 12.6 1.39 12.3 1.74 II.)) 2.35 9.1 	• 3.29 6.11 3.2S 41) 2.36 
I.))). 1(1.4 1.14 111.9 1.69 III) 2.22 9.3 2.43 7.5 3.44 52 3.96 
Oct II.Il). 10.9 1.48 I(l.9 I4)1 II).9 1.65 I1).)) 2.72 9O 3,62 9.5 3.97 
21.10. 11.5 0.51 11.3 0.52 111.4 1.93 1 l b 11.59 10.4 1.94 9.3 2.99 
I.II. 9.3 1.20 9.3 1.25 9.3 1.27 9.4 1.36 9.2 1.37 7.4 1.62 
Nov 11.11. 0.5 0.1 9.3 0.3 - 0.3 - 73 
21.11. 7.7 11.75 7.3 1.15 7.3 1.14 7.3 1.15 7.4 1.36 7.1 1.31 
1.12. 6.4 - 6.2 - 6.1 6.6 6.4 - 6.6 - 
Dcc 11.12. 5.1 I.))) 5.1 117) 5,2 1.14 5.9 0,73 5.4 1.21 6.2 III 
21.12. 
0m 1Om 21lm 3)) n1 'lo ro 6(Im 
d;uc S d. S 'd. S ,d. S .I. S d. S sd. 
Jnn II.I. 6.5 0.4)) 6.7 0.39 GH 11.39 711 11.41 7.) 11.l3 7.4 11.51 
21.1. 6.5 0.59 6.7 11.32 6.7 1131 6.7 (1.33 6.6 11.31 6.0 5.34 
1.2. 6.5 - 6.6 - 6.7 - 6.7 - 6.9 69 - 
Feb 11.2. 6.5 - 6.6 - 6.7 - 6.8 - 6.9 - 7.1 - 
21.2. 6.3 6.6 - 6.7 - 6.11 7(l 7.3 
1.3. 6,6 - 6.6 - 6.7 6.9 - 71I - 7.4 - 
Mar I1.3. 6.6 11.29 6.6 0.26 6.7 0.23 6.9 0.22 7.1 (1.20 7.6 11.21 
21.3. 7.0 0.24 7.1 0.26 7.2 0.25 7.3 51.17 7.3 11.14 7.6 11.19 
1.4. 6.4 11.71 6.1 0.67 6.11 0.49 6.5 11.29 6.8 (1.91) 7.9 - 
Apr 11.4. 6.4 11,27 6.6 0.22 6.7 0.22 6.9 11.20 7.1 11.20 7.9 0.61 
21.4. 6.7 (1.30 ... 1)26 6.9 0.32 7.1 0.29 7.2 0.3(1 7.1) 0.37 
I.5. 6.1 1139 6.5 0.29 6.9 0.31 6.9 11.24 7.2 0.31 11.3 III) 
May 11.5. 6.3 0.54 6.5 0.42 63) 0.211 7.(1 0.211 7.3 11.17 9.1 11.33 
21.5. 6.3 0.63 6.4 0.30 6.7 11.26 7.0 0.111 7.2 0.17 7.9 11.27 
I.G. 6.3 0.44 6.5 043 63) 0.37 7.2 11.27 7.4 11.22 1)7 1.03 
Jul) I1.6. 5.9 - 6.2 - 6.7 7.1 - 7.4 - 0.1 - 
21.6. 5.4 0.44 5.9 0.56 6.5 0.38 7.0 11.19 7.4 0.17 0.) 11.3(1 
1.7. 5.5 0.42 5.7 11.37 6.2 0.37 6.9 11.17 7.4 11.14 0.2 11.49 
Jul 11.7. 5.7 1.3)) 6.(l (1.42 6.6 0.13 7.1 I).14 7.3 0116 1.2 11.57 
.. 	1.. _ 	. 21.7. .I 	........................... 6.7 0.26 6.7 ..... 0.22 7.0 0.17 7.1 _ 	........ 11.16 ................ 7.4 11.19 ..... 9.1 . 11.26 . 
I.H. 6.1 0.34 6.3 030 710 0.33 7.4 0.25 7.6 1101 9111 11.46 
Aug II.H. 6.1 (1.5(1 6.2 (1.36 6.6 11.32 7.2 0.34 7,4 11,34 14.1 11.51 
21.9. 6.4 11.53 6.4 11.39 6,9 0.32 7.2 11.25 7.4 0,21 1.1 0.46 
1.9. 6.2 (1,11 6.4 0.14 7I) 0.15 7.1 0.34 7.5 0.33 8.2 11.53 
Sep 11.9. 6.6 0.52 6.6 11.55 7.1 11.41 7.2 11.48 7.4 11.55 7.7 11 )69 
21.9. 6.6 (1.55 6.5 0.52 6.7 • 0.43 6.9 11,39 7.2 0.36 7.9 11.51 
I.))). 6.7 11.27 6.7 11.21 6.9 11.29 7.0 11.25 7.1 0.27 7.3 11.45 
Ocl I 	I .Il). 6.9 (1.24 6.1) 11,26 6.9 11.27 7.1 11.5(1 7.2 11.54 7,4 (1.67 
21.111. 7.2 11.1)4 7.2 I5.1)5 6.9 - 711 - 7.4 (1.11) 7.3 
1 .1 1 . 6.9 11.26 6.9 11.23 69 11.27 6.9 11.28 711 11.20 7.3 0.51 
Nov 11.11. 6.7 - 61) - 6.6 - 6.9 - 6.9 - 7.1 - 
21.11. 6.5 11.22 6.9 11.20 611 11.17 6.11 11.1(1 6.8 • 11.16 6.9 11.115 
1.12. 6.4 - 6.6 6.0 - 6.9 - 6.9 7.1 - 
Dcc 11.12. 6.3 11.111 6.7 0.41 6.6 11.35 6.0 0.33 7.11 (1.17 7.3 11.17 
21.12. - 
115 
z 	o 	' 	> 	: 	 • 	? 	
m 
: 	• 	 . 	, 	H H H 
P PPP N• pp:-P P 
, 
............  
- 00'.o 	 00 0)0) 
0 000.000.00000000 0 0 
p a aa a a a a a a 0) aO a a a a a 00) 
PppppPP9P9pP9PP P 2 , 	
. 
A A 0) a LO 0) 0) 0)•a a a a 	0)0)0)0) 
'0 DC J '0 :- b½:fl:o) 	)0 C' tO •' U) I-) L.) ))) 
v q n rzx oro - Nc o 
ö 	0 - ö ö 	ö ö 0 ö 
-






-, 	ti ¢ -, < 0 	O Z 
Table 29. Sea water temperature and salinity statistics from station BY31. 	 °O  
0 m 10 m 20 m 30 m 40m 60m 80 m 100 m 150 m 200 m 250 m 300 m 350 m 400 m 
du(c T sd. T sd. T sd. T .cd. T d. T d. T sd. T sd. T sd. T sd. T sd. T sd. T d. T sd. 
Jan I1.l. - - - - - - - - - - - - - - - - - - - - - - - - - - - 
1.2. _ 
Feb11.2. - - - - - - - - - - - - - - - - - - - - - - - - - 
21.2. - - - - - - - - - - - - - - - - - - - - - - - - - - 
1.3. - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Mar11.3. - - - - - - - - - - - - - - - - - - - - - - - - - 
21.3. 
1.4. - - - - - - - - - - - - - - - - - - - - - - - - - 
Apr 11.4. - - - - - - - - - - - - - - - - - - - - - - - 
21.4.  
1.5.  
MayII_5. - - - - - - - - - - - - - - - - - - - - - - - - - - 
215.  - - - - - - - - - - - - - - - - - - - - - - - - - 
1.6. 7.7 1.44 6.8 0.97 5.1 1.53 3.0 1.13 2.2 0,88 2.6 0.75 4.2 0,32 4.4 035 4.5 0.30 4,6 0.32 4.7 0.31 4.7 0.30 4.7 0.28 4.7 0.25 
Jun 11.6. 1 1.0 I,II 9.7 1.65 6.3 2.05 4.0 0.63 2.8 0,79 2.6 0.80 4.2 0,68 4.6 033 4.8 0.31 4,7 0.20 4.8 0.20 4.8 0.17 4.8 0.19 4.9 0.24 
216.  12.5 - 10.5 - 5.8 - 3.7 - 2.6 - 2.8 - 4.3 - 4.6 - 4.8 - 4.7 - 4,7 - 4,8 - 4.8 - 4,8 - 
1.7, 14.0 - 11.4 - 5.3 - 3.5 - 2.4 - 2.9 - 4.3 - 4.6 - 4.7 - 4.3 - 4.7 - 4.8 - 4.8 - 4.8 - 
Jul II7. 15.5 1.75 112 3.09 4.8 2.44 3.2 1.23 2.3 1.01 3.1 0.09 4.3 0.03 4.6 0.04 4.7 0.04 4,8 0.02 4.7 - 4,8 - 4,8 - 4.7 - 
21.7. 15.5 - 12.9 - 5.7 - 3.6 - 2.4 - 3.0 - 4,3 - 4.5 - 4.7 - 4.7 - 4.7 - 4,7 - 4.8 - 4.7 - 
I.8. 15.5 - 13.7 - 6.7 - 3.9 - 2.5 - 2.9 - 4.3 - 4.5 - 4.6 - 4,7 - 4.6 - 4.7 - 4,8 - 4.6 - 
Auc II.?. 15.5 - i 4.4 - 7.6 - 4.3 - 2.6 - 2.0 - 4.2 - 4.5 - 4.6 - 4.7 - 4.6 - 4.7 - 4.0 - 4,6 - 
21.6. 15.5 1,92 15.1 1.62 0.6 3.75 4.6 2.54 2.0 0.86 2.6 057 4.2 0.33 4.4 0.38 4.6 0.36 4.7 0.42 4.6 0.35 4.7 0,46 4.0 0.55 4.5 0,34 
1g_ _ _ _ _ _ _ _ - - - - 2.9 1.II 4,4 0.39 4.6 0.49 4,7 0.49 - - - - - - - - 
Sep11.9. - - - - - - - - - - - - - - - - - - - - - - - - - - 





Nov I LI I. - - - - - - - - - - - - - - - - - - - - - - - - - - 
Dec 11.12. - - - - - - - - - - - - - - - - - - - - - - - - - - - 
)ID _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ _ 
Table 29. Sea water temperature and salinity statistics from station BY31  
Om lom 20 m 30   40 m 60 m 80. 100 150SO m 200 m 	250 m 	300 	350 m 	400 
dfle S d. S sd. S d. S sd. S sd. S sU. S sd. S sd. S sd. S sd. 	S 	sd 	S 	sd. 	S 	5d. 	S 	sd. 
Feb 11.2. - 
M,r 11.3. - 
Apr 11.4. - 
21.4. 
1.5. -  - 
My Hi. 
215. 
1.6. 6.7 0.31 6.8 0.27 6.9 0.27 7.1 0.36 7.3 0.39 8.3 0.48 9.6 0.36 10.0 0.38 103035 104038 
Jur 11.6. 6.9 0.14 7.0 0.26 7.1 0.25 7.3 0.11 7.4 0.06 7.8 O.I8 9.4 1_ 01 101036 10.5 0.31 10.6 0.32 
21.5. 6.8 6.9 7.0 7.3 7.4 7.9 9.4 - 10.1 - 10.5 - 10.6 
1.7. 6.8 OlI 7.0 7.2 7.4 8.0 9.5 10.1 - 10.5 - 10.6 
Jul 11.7. 6.7 6.8 7.0 7.2 7.4 8.0 . 9.5 . 10.1 - 03 - 10.6 
217, 6.6 6.7 70 7.2 7.4 0.1 9.6 - 10.1 - 10.5 - 10.6 
1.0. 6.5 6.6 7.0 7.2 7.4 0.1 9.6 - 10.1 - 10.5 - 10.6 
Aug 11.11. 6.5 6.5 7.0 72 7.4 11.2 9.6 - 10.1 - 10.4 - 10.6 
2 1 .9 6.4 11.33 6.5 0.34 6.9 11.53 7.2 0 32 7.5 0.21 11.3 0.37 9.7 0.35 10.1 0.47 10.4 0.41 10.6 0.41 	10.6 	0.45 	10.7 	0.47 	10.9 	0.52 	11).5 	0.32 
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Table 30. Sea water temperature and salinity statistics from station BY15. 
Om 10 m 20 m 30 m 40m 60 m ö0 m 100 m 150 m 200 m 
S d. S sd. S sd. S d. S sd. S d. S .d. S sd. S sd. S sd. 
21.1. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
Feb 11.2. - - - - - - - - - - - - - - - - 
21.2. - - - - - - - - - - - - - - - - - 
1.3. _ _ _ _ - _ _ _ _ _ _ - _ - 
Mar 11.3. _ _ _ _ _ _ _ - _ _  _ - _ - 
213.  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
L4. _ _ _ _ _  _ _ _ - - _ _ _ _ 
Apr 11.4. 7.9 0.06 7.9 0.05 7.9 0.07 - - 8.2 0.66 8.1 0.11 9.7 0.11 10.8 0.14 12.1 0.10 12.5 0.10 
214.  7.6 - 7.7 - 7.7 - - - 79 - 9.0 - 9.5 - 10.5 - 12.1 - 12.4 - 
1.5. 7.3 11.50 7.6 0.19 7.5 0.02 7.5 0.01 7.6 0.17 1.0 0.6d 9.3 0.12 10.3 0.97 12.1 - 12.4 - 
My 11.5. 7.3 - 7.6 - 7.6 - 7.6 - 77 - 8.0 - 9.4 - 10.4 - 12.1 - 12.4 - 
21.5. 7.3 - 7.5 - 7.6 - 7.6 - 7.7 - 8.0 - 9,5 - 10.6 - 12.0 - 12.3 - 
1.6. 7.4 0.49 7.5 0.14 7.6 0.17 7.7 0.15 7.7 0.1 1 8.1 0.44 9,6 0.94 10.7 0,58 12.0 0.33 12.3 0.28 
Jun 11.6. 7.5 0.12 7.5 0.14 7.6 0.21 7.7 0.13 7.8 0.12 8.0 0.04 10.1 0.18 11.0 0.30 12.2 0.09 12.6 0.14 
21.6. 7.4 - 7.4 - 7.5 - 7.6 - 7.7 - 11.0 - 9.9 - 10.9 - 12.1 - 12.5 - 
1.7. 7.4 - 7.4 - 7.4 - 7.6 - 7.7 - 7.9 - 9.6 - 10.7 - 12.0 - 12.3 - 
Jul 11.7. 7.3 - 7.3 - 7.4 - 7.5 - 7.6 - 7.9 - 9,4 - 10.5 - 11.9 - 12.2 - 
21.7. 7.3 - 7.3 - 7.3 - 7.4 - 7.6 - 7.8 - 9.1 - 10.3 - 11.7 - 12.1 - 
I .ö. 7.2 0.00 7.2 0.13 7.3 0.19 7.4 0.16 7.5 0.13 7.8 0.1 1 11.9 0.47 10.1 0.19 1 1.6 0.26 12.0 0.21 
As 11.0. 7.2 - 7.2 - 73 - 7.5 - 7.6 - 7.9 - 9.1 - 10.3 - 11.7 - 12.2 - 
21.9. 7.2 0.53 7.2 0.42 7.4 0.36 7.6 0.26 7.7 0.20 8.0 0.27 9.4 0.60 10.4 0.43 11.9 0.37 12.3 0.36 
1.9. 7.4 0.16 7.5 0.15 7.5 0.22 - - 7.4 0.23 7.9 0.20 9.0 0.62 10.5 0.62 - - - - 
Sep 11.9. - - - - - - - - - - - - - - - - - _ - 
21.9. - - - - - - - - - - - - - - - - - - - 
I .IO. - - - - - - - - - - - - - - - - - - - - 
Os 11.10. - - - - - - - - - - - - - - - - - - - 
Nov 11.I 	I. - - - - - - - - - - - - - - - - - - - 
1.12. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - 
Dec 11.12. _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ 
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Abstract 
In the paper an overview of the Estoivan marine monitoring during 1968-1991 is 
presented. Data for 13 measured hydrophysical and chemical parameters were obtained by 
routine monitoring performed at nearly 60 stations in the coastal waters of Estonia and in 
the open part of the Gulf of Finland. 
In the data quality analysis some difficulties arose in comparing data sets of different 
origins. Statistical analysis proved large and manifold data variability in different scales and 
ramges, which is essential to consider when trying to interpret large scale spatial differences 
and long-term changes. Negative temperature (-0. 1 °C/a) and salucity (-0. 1 PSU/a) trends in 
the deep layers ofthe Gulf of Finland were evident for the period of 1975-1989. The nutrient 
data was too widely scattered to prove clear phosphate trends. However, nitrate quite 
evidently showed an upward trend (about I nig/m3 annually) in the surface layer ofthe Gulf. 
By evaluating the objectives and the results of Estonian marime monitoring it can be 
concluded that the monitoring programme must be revised. The monitoring policy should 
be more flexible depending on the different behaviour of the differemt water quality 
parameters. Inconsistencies could be found both in the station network and between the 
spatial and temporal observation frequencies. It is advisable to increase the observation 
frequency and to reduce the number of statioms in offshore areas. 
Key words: monitoring, data quality, data variability, trends, nutrients, Gulf of Finland, 
Baltic Sea 
1. INTRODUCTION 
Monitoring in the Baltic Sea has been performed to the requirements of different 
programmes and at several levels. The central role among them has been set to the 
international Baltic Monitoring Programme (BMP) of the Helsinki Commission, started in 
1979. In the coastal waters of Estonia regular hydrochemical observations which could be 
called monitoring were starred in 1968. Until 1991 these observations were carried out by 
the former Estonian Hydrological Service within the vast monitoring system of the Soviet 
Union. A remarkable amount of data has been gathered which hitherto has not been 
properly analysed. The reasons seem to be the centralization and censorship of such kinds 
of information which was common in the former Soviet Union. A radical reorganization 
of the Estonian monitoring system was started in 1992, in order to create a programme 
arising from the real needs and potentials in Estonia. 
The first aim of this paper is to look back on the stage passed; to make conclusions 
and to evaluate the previous practice. However, the problems discussed below are probably 
of a much wider significance. Hence, the second aim is to point to some problematic issues, 
such as data reliability, compatibility, and interpretation. The current paper is based partly 
on materials earlier published by the author but having somewhat limited distributions: 
data quality analysis and transformations (Suursaar 1991), variability analysis and trends 
(1992a), spatial variations (1992b), theoretical considerations and interpretation problems 
(1993). 
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2. MATERIAL AND METHODS 
2.1 The study area and the data 
The study area covers the coastal waters of Estonia and the open part of the Gulf of 
Finland. While the network in the Gulf of Finland seems quite dense, the station coverage 
in the mainly shallow watered northern part of the Gulf of Riga and Moonsund (Väinameri) 
is too sparse. Probably the present network of 50-60 stations (see Fig. 4) has taken its shape 
over the years quite eclectically: the old standard transects of the Baltic Sea have been 
added to independent station grids controlling some more polluted zones. Therefore some 
inconsistencies could he seen even within the Gulf of Finland 
In the eighties the pollution load on the Gulf of Finland was about 380 000t BODS, 
190 000t Nior and 90001 Plot annually (version of a compilation presented in: Suursaar 
1992a). The share of St. Petersburg and the Neva River is 60-70 %. The regions with the 
largest load emission in Estonia are the north-east industrial district and the Narva River, 
the Tallinn-Maardu region, the town of Pärnu and the Pämu River. 
Water temperature (T), salinity (S), pH, oxygen content (02), nutrients (PO4-P, Plot, 
NO3-N, NO2-N, NH4-N, SiO4-Si), oils, phenols, detergents, and episodically some other 
substances were observed according to the above mentioned Estonian Monitoring Prog-
ramme (EMP). The series began gradually in 1968-1974. The sampling depths were 
standard depths in the eighties, and 0, 10, (50 m), and "bottom", in recent years. The 
observation frequency was in most cases 3-4 times a year during the ice-free period 
(May-December), up to 8 times at some stations and up to 30-40 times a year at a station 
in the southern part of Tallinn Bay. However, some gaps and missing values exist in most 
of records. The overall amount of data (1968-1991) is about 200 000 measurements. 
While the sampling and analytical methods of BMP were declared, according to 
special guidelines (e.g. Baltic Marine Environment Protection Commission 1984) to be 
obligatory for all participant countries, the EMP has been carried out according to the USSR 
standards, which in most cases unfortunately differed from the BMP standards. Besides, 
several changes in methods occurred, and evidently out of date equipment was used. 
2.2 Some theoretical considerations 
In connection with such data sets the problem arises in how they describe the real 
object, i.e., (1) are the data "true", and (2) are they representative enough. It seems however, 
that so far most work has been done in the silent presumption that the data are uncondi-
tionally right and representative. Inconvenient results of several intercalibrations have 
remained in chemists protocols only, and they have been forgotten by the interpretators 
and decision-makers. In reality, intercalibration differences of some 10-50 % occur even 
between the results of respectable laboratories (see e.g. ICES 1990); using natural waters 
it is hard to decide which result is actually the most "true". In the worst cases differences 
may reach another order and sometimes it is probably not known what a certain method 
will measure at all. As to representativeness, the question is to what extent our discrete and 
relatively (very) sparse data, in both time and space, can describe continously changing 
3-dimensional stochastic fields. 
Hence, it can be stated that all hydrochemical data are to a smaller or greater extent 
"false". The point of view of an investigator should be more "agnostic": Our data are 
separated from the "true" data, and those from the real sea by some fundamental-philosop-
hical abysses and also numerous technical obstacles. Consequently we can make only 
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probabilistic decisions about the real water quality; we have to face problems like how 
reliable our estimates are, what certain data or statistical procedures can express and what 
they cannot. 
In the present study standard methods of applied statistics (exploratory analysis, 
analysis of variance, time series analysis, multivariate methods) have been used, and 
therefore are not broadly discussed and referred to here. 
3. RESULTS AND DISCUSSION 
3.1 Data quality and variability analysis: interferences in the monitoring policy 
As it appeared, comparison results vary sufficiently from one intercalibration to 
another. Also analyses in intercalibrations are supposedly more carefully made than in the 
routine monitoring; therefore to a larger extent a certain indirect intercalibration of the 
EMP data set has been made (Suursaar 1990). The idea is to compare parallel data samples 
of different origin (data from the same time cut, location, seasonal phase and depth range) 
using statistical tests (Student's t-test, x2 -test). The BMP Finnish data were taken as a 
standard, as their quality is probably the best available for the Gulf of Finland, and the 
extension of these data is sufficient for testing, too. The EMP data revealed both systematic 
biases, random noise-components, and outliers as well. The worst cases were ammonia, 
silicates, and small contents of nitrates and phosphates. To at least achieve spatial 
compatibility with other sets, attempts have been made to correct evident biases and 
noise-components using special empirically found transformation algorithms. 
The main purpose for accumulating monitoring data is to discover long-term changes 
and large-scale spatial differences (e.g. Baltic Marine Environment Protection Commissi-
on 1984). However, the water quality parameters show a large and manifold variability in 
a wide range of scales, affecting unavoidably the reliability of large-scale estimates. Thus, 
the data variability analysis has been done in order to explain statistical properties of the 
data and features of behaviour of different parameters. The role of different variability 
components has been analysed using ANOVA techniques and spectral and component 
analyses. 
Representative spectra and autocorrelation functions of three main types are presented 
as an example in Fig. 1. It appeared, that in temperature the most important components 
in the overall dispersion were large-scale quasi-deterministic components like seasonal 
and vertical variations. However in salinity, oxygen content, pH, and in some nutrients, 
quite a substantial share (and even the biggest share in the case of ammonia, oils, phenols 
and detergents) remained on synoptical and other shorter scales including "white" noise 
and errors (Fig. 1). ANOVA revealed, that the temporal (though not even the seasonal) 
variability was more important than the spatial variations. Under these circumstances, 
sampling frequency of 3-4 times per year performed in warm seasons seems to be 
insufficient for revealing trends. Even if the priorities of trend-analyses would not be 
especially stressed, it is more economical if the spatial and temporal coverages of obser-
vations are in a certain balance determined by the features of variability. In this particular 
case the balance is strongly shifted towards the spatial coverage, especially in the off-shore 
areas. Even so, we cannot gain even a reliable and detailed spatial description of the 
environmental state, because the temporal (both seasonal and random) variability com-
ponents dominate over the systematic spatial component. Also another disbalance exists: 
there are a lot of stations in the offshore areas having a relatively homogeneous water 
quality. In the more mosaic coastal zone the stations are concentrated to certain areas only, 
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leaving considerable gaps between them. Consequently, it is more appropriate to increase 
the observation frequency and reduce observation sites in some off-shore regions, as in the 
open part of the Gulf of Finland, in the Tallinn and Kolga Bays. If good spatial description 
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Fig. 1. Stamdardized spectra (total variance =1) based on 36 Fourier' coefficients (panel A) and empirical 
autocorrelation functions (panel B) of temperature, oxygen, and oil-data in the southern part of Tallinn Bay, 
1982-1987, 0 rn. Time scale in months and years (panel A) and in years (panel B). Dashed lines in spectra denote 
zero-continuum; in autocotrelation functions - 95 % confidence limits for a random process. 
Different variables have different statistical features and behaviour as a rule. Conse-
quently, when wishing to describe certain phenomena with the necessary reliability, the 
data amounts of different measured parameters could be different. Thus the monitoring 
could be more flexible: for example, there is no need to measure all the parameters at the 
same stations and depths at equal frequencies. 
Fig. 2 represents the measurements plotted against time (in a seasonal cycle) in the 
southern part of Tallinn Bay (EMP data), and in the central part of the Gulf of Finland 
(BMP Finnish data). Such data "envelopes" indicate both the typical seasonal curve, which 
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is generally known for these parameters in the Gulf, the data position and scatteredness as 
well. In the case of measuring "simple" parameters (T, also 02), the advantage is on the 
side of a larger EMP-set (Fig. 2, panel A), having smaller standard errors of estimates. The 
more "difficult" and exacting the measuring procedure for a certain parameter is (e.g. PO4: 
Fig. 2, panel B), the more preferable it is that the data are "correct". Though having smaller 
extents they enable estimates of larger reliability. The exact measuring of small contents 
of organic compounds (oils among them) are up to the present quite problematic topics for 
routine monitoring (Baltic Marine Environment Protection Commission 1987b). The BMP 
does not include measurements of oils, phenols and detergents as obligatory determinands 
yet. Within the framework of the EMP, a large amount of data for these parameters has 
been gathered. However there is too little useful information on the background of "white 
noise" (Figs. l and 2). 
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Fig. 2. Seasonal variations in water temperature, 
oxygen content, P-PO4, and oils. Panel A: data in 
Ilie southern part of Tallims Bay, Om, 1980-1990. 
Panel B: Gulf of Finland, BMP Finnish data, 0 in, 
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3.2 Description of large-scale variability: trends 
As is generally known, in most subbasins of the Baltic Sea the temperature and salinity 
in deep layers have gradually decreased during the last 15 years, which is correlated with 
the bans situation above the North-Atlantic and water inflows from the North Sea (Baltic 
Marine Environment Protection Commission 1990). According to the Estonian data for 
the Gulf of Finland, the overall trend (by a linear regression model) in the layer below the 
halocine (70-100 m) has reached, since 1975, about -1.5°C in temperature and -2 PSU in 
salinity (Fig. 3). Still, the beginning of a new increasing cycle could be guessed in the 
temperature record, having a break-point in 1989. As the salinity continues to decrease, 
the recent tendency in temperature can be explained by warm winters in 1989-1992. The 
lack of advectional inflows of more saline and oxygen-poor water masses from the Baltic 
Proper coupled with weakening stratification has improved oxygen conditions in the deep 
layers of the Gulf (An increase in mean values from about 1.5 mill to 3.5 ml/1). However, 
the latest data show that the content of oxygen begun to decrease again since 1992. A 
significant increase in pH values (+0.01 units/a) can be also observed both in the surface 
and the bottom layers during the period under discussion. Similar tendencies have been 
found in most areas of the Baltic Sea and are usually explained by the eutrophication (e.g. 
Baltic Marine Environment Protection Commission 1990). 
While the above mentioned tendencies are probably unquestionable, in the case of 
nutrients several disagreements have existed. In some previous studies (Baltic Marine 
Environment Protection Commission 1987a; Perttilä et al. 1980) vastly increasing trends 
in the Gulf of Finland were reported. Kahma and Voipio (1990) testified these tendencies 
generated by the so called aliasing-effect. While the load and trophic state of the sea have 
evidently increased since the beginning of the century (Larsson et al. 1985), the phosphate 
data in the surface layer does not permit verification of any remarkable trend in recent 
years. When analysing the Estonian data on phosphate phosphorus and nitrate nitrogen in 
the upper layer (0-10 m) of the Gulf of Finland, the methodology demonstrated by ICahma 
and Voipio (1990) was used. The period 1975-1991 was chosen as earlier data are not 
reliable enough. After the removal of seasonal cycles from the original data by the means 
of three Fourier' coefficients, the residuals indicate more or less a stable state in phosphorus 
content. Minor tendencies were statistically non-confidential due to a large data dispersion 
(Fig. 3). Also the different data-structure at the beginning and end of the record calls for 
attention. The reason could be changes in the data quality, but it could also be purely 
chemical: the lower occurrence of higher contents in recent years could be in relation with 
improved oxygen conditions in the bottom layers of the Gulf. Similar tendencies occur in 
the Finnish data too (M. Perttilä, personal communication). The increasing trend of nitrate 
nitrogen is evident, about +lmg/m3 annually. However, recent Finnish data indicates a 
stabilization in the nitrate development (Perttilä et al., to be published). The trend of 
silicates in the surface layer was about -10 mg/m3 annually during the 1980s. 
Statistical analysis showed, that probably there is an increasing trend also in ammonia. 
The temporal tendencies in medians could not be seen. However, the increased frequency 
of higher values produces a significant increasing trend when using a linear regression 
model. It is more risky to assess long-term changes in oils, phenols and detergents. Changes 
in methods, highly skewed outlier-rich distributions, and excessive coefficients of varian-
ces much larger than the supposable trend itself, hopelessly overshadow the real tendencies. 
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Fig. 3. Temperature, salinity, phosphate phosphorus, and nitrate nitrogen trends in the central part of the Gulf of 
Finland in 1969 (1975) - 1991. 
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3.3 Spatial variations 
In order to get statistically reliable long-term mean estimates it is useful to enlarge the 
data selections, and at the same time, to avoid the growth of variance in the selections (to 
minimize the standard errors of the samples). Therefore, possibly more stable winter-time 
data from the upper quasi-homogeneous layer could be chosen for map calculations 
(Suursaar 1992b). 
As an example, long-term mean values of inorganic-nitrogen are presented in Fig. 4a. 
Every single value in the map represents the mean value of some 30-150 observations 
(NO3, NO2 and corrected NH4 data summarized). Still, in many cases the spatial distribu-
tion of averaged values seems quite uneven and patchy. It should be stressed that usually 
"within-station" data variability is rather large due to short-scale, synoptical and year-to-
year variability. The sample means are essentially random values. Thus, we should not 
compare "exact" values of adjacent means, only evident tendencies in the large-scale 
spatial pattern are statistically reliable. The highest nutrient contents can be observed near 
the river mouths (Narva and Pärnu Bays) and near sewage outlets (Tallinn and Narva Bays). 
The average concentrations were lowest in the entrance section of the Gulf of Finland and 
in the Moonsund. 
The inorganic N/P weight-ratio calculated from the early winter data is about 3.5-5.5 
in the open sea (Suursaar 1992b), supporting the opinion that nitrogen rather than phospho-
rus is a limiting factor for vernal primary production both in the Gulf of Finland and in the 
Baltic Proper (e.g. Pitkänen et al. 1987; Wulff and Rahm 1988). However in the Gulf of 
Riga phosphorus might be limiting (N/P weight ratio of 7-10 in Pärnu Bay and in the 
northern part of the Gulf of Riga). The calculations for total amounts of nutrients in the 
winter pool of the Gulf yielded about 43 000 t Pto and 440 000 t Nios. Thus, the weight 
ratio of total N and P amounts is about 10 in the Gulf of Finland (containing a remarkable 
proportion of humic N-components which are stable in biological processes). The ratio of 
N and P loads is about 20. The difference in actual amounts in the water could be explained 
by different sedimentation and turnover rates (residence times). 
A certain synthetic and more complex estimator is cognitionally expected when 
talking about the "water quality". Hence, a version of zonation which is based on principal 
component analysis is shown in Fig. 4b. Principal component analysis is a statistical 
technique for reducing the number of variables in a multivariate data set by finding linear 
(orthogonal) combinations of those variables that explain most of the variability. The 
spatial pattern of long-tenn mean values of nine measured variables served as the input 
data. After standardization of the data the principal components have been found by 
computing eigenvalues of the data matrix. The first two principal components explain 34 
and 26 % of the total variance leaving 40 % for the remaining 7 components. From the Fig. 
5a it can be seen, that the largest contributions to the first component have ammonia, oils, 
phenols (positively correlated between themselves) and pH, 02 (mutually positively 
correlated and negatively correlated with the above-mentioned variables). The largest 
contribution to the second component have nutrients and detergents. Observation points 
plotted according to the values of two principal components are shown in Fig. 5b. As one 
can see, the stations under the different load situations differentiate and fall into groups 
more clearly than in the spatial pattern of some single parameters. The point (0;0) in Fig. 
5b represents the "mean" water quality of the studied area. The lower rightmost corner 
(cluster "3") serves as the "clean-water" area, while upwards and to the left the state 
becomes more "abnormal". Superimposing Figs. 5a and 5b it can also be seen that cluster 
"1" has especially high contents of ammonia and phenols and low pH-values, clusters "6" 
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and "7" have high values of nutrients, etc. The density of point-clusters show spatial 
heterogeneity of the water quality and the coincidence of the station sites. We can choose 
a quite clean-watered point (3;-1) from Fig. 5b and measure distances of all other points 
from that point. Then, let us divide all those distances to four classes having equal intervals 
between 0 and 4. "0" denotes the "best", and "4" the "worst" quality. The Fig. 4b represents 
the zonation based on those values for all the stations. The estimator is synthetic, as it 
bounds the information of nine variables in a certain way. The scale is interval scale, as 
the differences are additive, but not multiplicative (we do not know where the actual 
zero-point is). 
Fig. 5. Component (A) and cluster (B) analyses of the water quality data in the Gulf of Finland and Estonian 
near-shore areas (nondimensional units equal for A and B). Stations: (see also Fig. 4), 1 - southern part of Tallims 
Bay, 2 - Tallinn Bay, 3 - Moonsund and the entrance section of the Gulf of Finland, 4 - central part of the Gulf 
of Finland, S - Muuga and Kolga Bays, 6 - Narva Bay, 7 - Pärnu Bay. 
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The pollution level in the Gulf of Finland is high. It is determined by a large overall 
load, the largest contributor clearly being St. Petersburg. Still, a simple conclusion could 
be made: The water quality in the Estonian coastal areas is controlled mainly by local 
polluters, whose influence decreases rapidly with the distance from a certain pollution 
source, i.e. the coastal waters of Estonia are polluted by Estonia, not by St. Petersburg or 
Helsinki (Fig. 4); the hydrochemical gradients perpendicular to the coastal line are much 
stronger than the westward gradients in the open sea along the axis of the Gulf. The reason 
is probably not so much the counter-clockwise current system of the Gulf but the important 
role of the coastal processes. 
4. EVALUATION AND SOME CONCLUDING REMARKS 
As it appears, about half of the EMP-data (1968-1991) are hardly usable (e.g., most 
hydrochemical data from the period 1968-1974, the data on oils, phenols and detergents, 
some summertime nutrient data) and the rest are suitable for making rough probabilistic 
decisions. Evidently the marine monitoring needs severe reorganization in Estonia. Moni-
toting is a very expensive activity and the question is how much such data deserves 
financing. Actually, using up to date equipment and recognized methods is the only 
reasonable way. 
The present programme and network of the Estonian marine monitoring is the eclectic 
result of traditions and objectives of several hierarchies making somewhat contradictory 
demands on monitoring policy. If the main goal is the investigation of trends, indeed, it is 
advisable to increase observation frequency (and reduce the number of observation sites, 
perhaps). Wintertime measurement of nutrients is especially needed. By now it may be 
suggested that the monitoring programme could be more flexible depending on the 
behaviour of different water quality parameters. The list of variables should also be revised. 
Measurements of P,ot and Nto,, which are most suitable for describing the trophic status of 
the sea, are recommended. On the other hand, it is doubtful that the routine monitoring of 
oils, phenols and detergents if continued in the same way, could serve any purpose. 
Broadly, it seems, that the whole monitoring policy needs some revision. Since the 
enthusiastic start of different monitoring programmes in 1970s a vast amount of data has 
been collected. Still, in many cases they do not help to solve problems previously presented 
as objectives for monitoring (e.g. indistinctness in trend-estimations of nutrient and 
chemical contents). The reasons seem to be that a too deterministic approach to the subject 
prevailed, and there being insufficient knowledge on the data variability. Also the problems 
of reliability of the data are evidently wider than only the poor quality of the EMP data, 
which is probably most acute in the countries of the former Soviet Union, Colleagues in 
the West should also not trust the quality of their own data implicitly. Efforts should be 
made to make data sets of different origins comparable and linkable. 
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